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ABSTRACT 
 
The Kanaka Drain Flood Gate is installed in an artificially constructed 
channel that has the potential to mitigate the effects of significant storm 
events for Brandon, a small town upstream. 
 
The Kanaka Drain is constructed between two lagoons that, prior to the 
drain’s construction acted interpedently.   
 
The drain was constructed in the early 1900s by Australian Immigrates 
to assist in the development of the sugar plantations of Ayr, North 
Queensland. 
 
The Kanaka drain has been the subject of a number of engineering 
studies both directly and indirectly due to the concerns of local residents 
and the impacts it causes to storm flooding. 
 
The most recent study conducted in the 2001 highlighted that the 
actuation of a gate installed along the drain could hold significant 
benefits for all parties concerned in times of intense rainfall. 
 
There this study seeks to determine a gate operational strategy for the 
floodgate that the local authority, Burdekin Shire Council, can use to 
mitigate the affects of local flooding. 
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1 EXECUTIVE SUMMARY 
The prime objective of this project was to determine a gate operational 
strategy for the Kanaka Drain Flood Gate, such that actuation of it would 
help to mitigate the affects of flooding for all landowners affected by 
discharge along the Kanaka Drain. 
 
Gate operational strategies have been determined based on extensive 
investigation into the behaviour of the area in local flooding conditions 
and how the Kanaka Drain affects the extent of inundation upstream and 
downstream of it. 
 
To do this, a range of information was collected from previous studies 
and incorporated in a hydraulic model, so that the flooding of the area 
could be simulated and the affect that the gate had in response to 
system inflow could be identified.  Once modelling of the system was 
completed gate operational strategies were formulated based on the 
affect that the gate will have to flood waters and also the flooding 
priorities outlined in previous studies and endorsed by Council. 
 
This report recommends three gate operational strategies.  These 
include: 
 
1. Actuate the gate prior to significant system inflows to provide the 
required detention capacity for imminent inflows; 
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2. Gate operation is to take into consideration the peak water level in 
Lilliesmere Lagoon and progressively open as water levels recede in 
the lagoon; 
3. Operate the gate based on water levels in the system also taking into 
consideration when water levels in Browns Lagoon have peaked. 
 
This report also recommends that regular maintenance of the control 
mechanism allowing actuation of the gate is to be undertaken and 
formalised by including it in maintenance programs. 
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2 INTRODUCTION 
The Burdekin area is located in the dry tropics of North Queensland 
approximately 80km south of Townsville and includes a number of 
towns of varying sizes.  Ayr is the main settlement of the Burdekin 
however 5km further along the Bruce Highway is another township, 
Brandon, which together has a population of approximately 8000 
people.  The Burdekin River separates these two townships from Home 
Hill which is located on the southern side of the river having a population 
of approximately 3500 people. 
 
The townships of Ayr, Brandon and Home Hill are located within the 
Burdekin River Delta.  These towns are located on relatively high land, 
however in times of heavy rainfall the towns and surrounding developed 
areas are often inundated by stormwaters and occasionally by river 
floods.  The last river flood was recorded in 1991 where a significant 
portion of all towns were flooded from the Burdekin River overtopping its 
banks. 
 
While the townships themselves are located on relatively high land, like 
all settlements, industrial and urban development has lead to increased 
awareness about the impacts of local as well as regional flooding.  As a 
result residents of the area have continually urged the local authority, 
the Burdekin Shire Council, to improve the flood immunity of the area. 
 
The focus of this study lies in the affect of local flooding to urban 
properties in Brandon balanced against inundating outlying areas of Ayr 
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which comprise predominately of land developed for farming sugar 
cane.  Local flooding of these areas originally occurred independent of 
one another, however in the development of the sugar plantations of the 
area, a drain was excavated that joined two lagoons together for the 
reason of further ensuring water supply for crop irrigation. 
 
This man made drain has been continually increased in size since it was 
originally constructed, and as a result it is now said to be significantly 
contributing to the inundation levels of properties that were previously 
isolated from waters flowing from Brandon. The most recent 
improvement to the drain was the installation of a floodgate, which 
ultimately has the ability to return local flooding of the area to conditions 
that occurred prior to the abovementioned drain being constructed. 
 
As a result the Council is currently faced with the challenge of defining 
the operation of the gate in flooding conditions such that it is beneficial 
for all parties affected by its presence. 
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3 PROJECT DESCRIPTION 
3.1 OVERVIEW 
The Kanaka Drain joins Browns and Lilliesmere Lagoons together, two 
lagoons that acted independently of each other prior to the Kanaka 
Drain’s construction.  Both lagoons have a large detention capacities 
which are of particular importance given that the topography of the land 
is relatively flat and also the areas surrounding the lagoons includes 
land that has been developed for residential and farming purposes.  The 
Browns Lagoon encompasses an area of approximately 3200m2 and is 
shown in Figure 3.1 - Browns Lagoon whereas, the Lilliesmere Lagoon 
is shown in Figure 3.2 - Lilliesmere Lagoon and covers an area of 
approximately 3200m2. 
 
 
Figure 3.1 - Browns Lagoon 
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Figure 3.2 - Lilliesmere Lagoon 
 
The Kanaka Drain is constructed such that water is able to flow from 
Browns Lagoon into Lilliesmere Lagoon during flooding conditions when 
the water level in Lilliesmere Lagoon is not excessively elevated.  When 
the water level in Lilliesmere Lagoon is relatively high, water is able to 
backup along the Kanaka Drain and overflow into the Browns Lagoon, 
subject to the gate being opened. 
 
Landowners surrounding Lilliesmere Lagoon (downstream of the drain) 
are not content about the excess water that the Kanaka Drain delivers 
from Browns Lagoon, and subsequently have lobbied the Burdekin Shire 
Council (BSC) to return the operations of the two lagoons back to two 
separately acting entities by closing the Kanaka Drain floodgate.  Land 
downstream and surrounding Lilliesmere Lagoon is predominately used 
to farm sugar cane and farmers claim that increased flooding to their 
crops jeopardises their sustainability. 
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Upstream of the Kanaka Drain is the township of Brandon which has a 
population of approximately 1000 people.  In times of intense rainfall, 
Brandon is subject to local flooding and as a result, the Burdekin Shire 
Council has employed measures to mitigate the affects of the flooding 
by increasing the capacity of drainage outlets.  These measures have 
predominately included carrying out works in response to the 
recommendations as reported in engineering flood studies. 
 
Stormwater from Brandon is discharged into a number of lagoons and 
channels before entering Browns Lagoon.  Water is then discharged 
from Browns Lagoon via an earth weir and also through the Kanaka 
Drain.  The Kanaka Drain discharges into Lilliesmere Lagoon depending 
upon the lagoon’s water levels in it, whereas water flowing over the weir 
(overflow) discharges onto land used for cattle grazing. 
 
The discharge capacities of the Browns Lagoon Overflow and the 
Kanaka Drain are substantially different with the Kanaka Drain having 
less than a quarter of the discharge potential of the overflow (in selected 
ARI events).  Despite this, Burdekin Shire Council has identified that the 
Kanaka Drain will be utilised to prevent flooding of Brandon and where 
possible limit excess waters to properties downstream of the Kanaka 
Drain however, it is Council’s policy to have even flooding rather than 
have severe flooding in one area only. 
 
Landowners downstream of the Kanaka Drain disagree with Council’s 
decision to use the Kanaka Drain to aid in the passage of stormwaters 
from Browns Lagoon as they cannot understand why Council would 
inundate developed land rather flood land primarily used for cattle 
grazing.  In view of this it is believed Council’s policy about shared 
flooding has either not been communicated to all landowners and or has 
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simply not been explained well enough to all land owners especially to 
landowners surrounding Lilliesmere Lagoon. 
3.2 PROJECT OBJECTIVE 
The prime objective of this study was to determine the affect that the 
Kanaka Drain Flood Gate could provide to mitigate the effects of 
stormwater flooding for all properties that are affected by water 
discharging through the Kanaka Drain.   
 
Once the potential benefit of the gate had been established it was then 
intended to formulate a gate operational strategy that the Burdekin Shire 
Council, as owner and operator of the gate, could use to actuate the 
gate and therefore prevent and or minimise inundation levels. 
3.3 PROJECT STUDY AREA 
The study area is shown in Figure 3.3 - Study Area is approximately 
7km2 and is broadly divided into two sections namely, Browns Lagoon 
and Lilliesmere Lagoon.  For the purpose of this study the Browns 
Lagoon section comprises of a network of channels and lagoons that 
vary in shape, size and discharge potential, whereas the Lilliesmere 
Lagoon section essentially comprises of a single element, the lagoon. 
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Figure 3.3 - Study Area (7km2) 
3.4 PROJECT SCOPE 
The scope of the project included performing a hydraulic analysis to 
understand the behaviour of the channels, lagoons and structures in 
flooding conditions and additionally in response to the gate operations. 
 
To do this, a model of the area was produced that realistically 
represented the system in flooding conditions.  A hydraulic model was 
used as it was decided that this would be the most beneficial means of 
producing a representation of the area that would allow the affect of the 
gate to be determined and quantified. 
 
The scope of the project did not include determining inflows into the 
system but rather this information was sourced from previous studies.  
This enabled this study to solely focus on quantifying the effect of the 
gate in times of flooding. 
 
Study area 
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Hydraulic modelling was to take into account the range of factors that 
could affect the operations of the gate.  In doing so, the model would 
provide output data after simulations to enable a gate operational 
strategy to be formulated that Council could then use in times of intense 
rainfall. 
 
Having determined a gate operational strategy in this manner, Council 
could then document its procedures for the operation of the gate and 
communicate these operations to affected landowners. 
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4 BACKGROUND 
Constructed in the early 1900s by a group of Australian immigrates 
called the Kanakas, the Kanaka Drain provided authorities with the 
ability to channel water between the adjoining lagoons to ensure 
irrigation supply for farmers.  This was essential to assist in the 
development of the sugar plantations of the Kalamia Estate (area 
surrounding Lilliesmere Lagoon). 
 
While it was the original intention of the drain to improve water supply 
for irrigation purposes, landowners of the area have constantly lobbied 
the Burdekin Shire Council (BSC) to enable the drain to play a role in 
the passage of floodwaters from Brandon.  As a result, the Council has 
undertaken a number of improvements to the drain to increase its 
discharge capacity to provide relief from local flooding in Brandon. 
 
These flood mitigation works that have been undertaken to the drain has 
disgruntled landowners surrounding Lilliesmere Lagoon (downstream of 
the drain) as they claim that they are being inundated at higher levels 
since the augmentation works to the drain have occurred.  It appears as 
though the Council was aware of the potential problems that could occur 
downstream of drain as a result of improvements to the discharge 
capacity of the Kanaka Drain however, it was considered appropriate 
that the economic, social and emotional costs associated when urban 
residential properties were flooded when compared to agricultural land 
was sufficient reason to proceed with the enlargement works to the 
drain. 
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In response to these landowners claims the BSC has, over the years, 
continually sought professional advice regarding drainage improvements 
and as a result a number of engineering studies have been conducted.  
The studies undertaken have recommended a range of works to the 
Kanaka Drain and surrounding area.  These include: 
 
• Removing flow obstructions; 
• Increasing drainage structure capacities; 
• Channel realignments; 
• Drain excavations; 
• Vegetation management. 
 
In 1998, the discharge capacity of the Kanaka Drain was significantly 
increased following works instigated by the NBWB, in conjunction with 
the BSC, to increase irrigation flexibility and drainage capacity.  Included 
as part of the drain improvement works was the installation of an 
underflow sluice gate which was intended to be operated in such a 
manner that it would regulated both irrigation and storm water between 
the two lagoons. 
 
Since the gate and accompanying drain augmentation works have been 
undertaken, the gate has remained only partially open and therefore 
aiming to minimise higher inundation levels claimed to be affecting 
landowners downstream of the drain 
 
In 2001 the Burdekin Shire Council commissioned a flood study of the 
area with objectives including quantifying the effect that the Kanaka 
Drain augmentation works could have on properties downstream of it.  
Upon completion of the study it was revealed that the works did have an 
affect to water levels in Lilliesmere Lagoon however, it was noted that 
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investigations (modelling simulations) were undertaken with the gate 
fully open and that flood mitigation could be improved if the gate was 
operated in response to water levels in the system. 
 
With this in mind, it is the objective of this study to determine an 
operational strategy for the gate in flooding conditions, such that the 
detention capacity of the drains and lagoons upstream of the gate are 
maximised to prevent and or minimise inundation of private properties. 
  Page 14 
5 LITERATURE REVIEW 
5.1 OVERVIEW 
The Kanaka Drain and Browns and Lilliesmere Lagoons have been the 
focus of a number of engineering studies conducted over the past three 
decades.  Of these only four studies are relevant to the current project.  
These include: 
 
• Proposed Improvements to the Existing Open Drain between Browns 
Lagoon and Lilliesmere Lagoon (Gutteridge Haskins & Davey Pty Ltd 
1977); 
• The Brandon Flood Study (Kinhill Cameron McNamara Pty Ltd 1992); 
• South Brandon Drain to Lilliesmere Lagoon Irrigation Channel 
Planning Report Drain (McIntyre & Associates 1998); 
• Town of Ayr Flood Study (SKM 2001). 
 
The Burdekin Shire Council (BSC) has commissioned all of the above 
studies except the planning study conducted by McIntyre & Associates 
(1998), which was instigated by the North Burdekin Water Board 
(NBWB). 
 
The NBWB is the local management group that regulates water sourced 
from the Burdekin River, lagoons and underground bores along natural 
water courses to ensure sufficient irrigation supply for the farmers of 
Ayr.   
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While the NBWB controls irrigation supply, the Burdekin Shire Council is 
ultimately responsible for waterway management.  In this role, the BSC 
has been continually lobbied by landowners affected by poor drainage to 
undertake works that improves the capacity of the drainage outlets.  
 
Given the number of the engineering studies undertaken and works 
completed following these studies, it is evident that the BSC has been 
reactive yet methodical in their approach to improving drainage for the 
ratepayers concerned.  Details of the previous studies conducted are 
included below.  
5.2 (GUTTERIDGE HASKINS & DAVEY PTY LTD 1977) 
This study was the first formal study of the Kanaka Drain and the 
associated area.  The focus of this study was to discover the benefit that 
the drain could provide if its discharge capacity was increased and 
additionally, if modifications to the drain would enable the NBWB greater 
ability to control irrigation supply.  Refer to Figure 5.1 - Study Area for 
Gutteridge Haskins & Davey Pty Ltd 1997 for the study area of this 
project where it can be seen its proximity to the present Browns Lagoon 
Kanaka Drain study area (black shading). 
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Figure 5.1 - Study Area for Gutteridge Haskins & Davey Pty Ltd 1997 (1.3km2) 
 
At the time of the study, the Kanaka Drain was a small channel with very 
limited discharge capacity and while the study recommended enlarging 
the drain these works were never carried out as proposed. 
 
Little information is available about the extent of hydrologic and 
hydraulic investigation that was undertaken but rather, the report 
concentrates on describing the options that were under consideration for 
the drain. 
 
Since the study was conducted the Kanaka Drain has been modified 
several times and as a result, the conclusions and recommendations of 
this report are of use only for historical reference. 
5.3 THE BRANDON FLOOD STUDY (KINHILL CAMERON 
MCNAMARA PTY LTD 1992) 
The Brandon Flood Study focused on the impact of local flooding to 
Brandon and its surrounding areas.  This study recommended a range 
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of works to reduce inundation levels in Brandon, many of which have 
been carried out by the BSC.  Refer to Figure 5.2 - Study Area for the 
Brandon Flood Study 1992 for the study area of this project where it can 
be seen its proximty to the present Browns Lagoon Kanaka Drain study 
area (black shading). 
 
 
 
Figure 5.2 - Study Area for the Brandon Flood Study 1992 (66km2) 
 
This study prepared hydrologic and hydraulic models of the area to 
determine possible improvement works.  
 
Hydrologic modelling was undertaken using the runoff routing program 
RORB (refer to reference list) to estimate the 5, 50 and 100 year ARI 
runoff hydrographs. In doing so, a number of hydrographs were 
determined at a range of locations within the study area ready for input 
into the hydraulic model.    
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The steady state backwater program, HEC-2 (refer to reference list) was 
used to perform the hydraulic analysis of the system due to its ability to 
realistically analyse channel flow and take into account channel 
obstructions.  Hydraulic modelling exposed a range of improvement 
works that could be undertaken to mitigate the effects of flooding. 
 
Many of the proposed improvement works included modifications to 
existing channels and structures upstream of the present study area 
however the Kanaka Drain was also investigated as an option to provide 
flood relief. 
 
Investigations regarding the Kanaka Drain revealed that it played a very 
minor role in the passage of stormwater as it had little effect in reducing 
water levels in Browns Lagoon (receiving waters for Brandon outflow).  
Evidence of this is revealed through a comparison of the discharge 
capacities of Browns Lagoon natural overflow (230m3/s 100 year ARI) 
and the Kanaka Drain (3m3/s) where it is clearly seen that the Kanaka 
Drain outflow is small fraction of the lagoon’s natural overflow. 
 
The study further investigated if increasing the capacity of the Kanaka 
Drain would have an improved effect to reduce water levels in Browns 
Lagoon.  Modelling confirmed that even significant enlargements to the 
Kanaka Drain would have little effect and would also be prohibitively 
expensive.   
 
Consequently, the option of increasing the capacity of the Kanaka Drain 
was abandoned in favour of more economical and beneficial works 
closer to the Brandon township. 
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5.4 MCINTYRE & ASSOCIATES PLANNING REPORT 
(1998) 
This planning report was commissioned by the NBWB and was largely 
aimed at improving the ability of the board to control water supplies for 
irrigation.  In addition, the objectives of the planning report included 
provision to increase drainage capacity of the existing channels or at the 
very least not exacerbate existing flooding conditions.  Refer to Figure 
5.3 - Study Area for McIntyre & Associates Planning Report 1998 for the 
study area of this project where it can be seen its proximity to the 
present Browns Lagoon Kanaka Drain study area (black shading). 
 
 
Figure 5.3 - Study Area for McIntyre & Associates Planning Report 1998 (20km2) 
 
McIntyre & Associates utilised a range of hydrologic and hydraulic 
information sourced from the Brandon Flood study to assess how the 
irrigation works to the existing channels that they proposed, were going 
to impact on drainage in flooding conditions.  Little information is 
available about the extent of modelling undertaken other than records of 
flows and peak water levels at certain locations within the system.  
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Nevertheless, the study presented a range of options that enabled 
improved irrigation flexibility for the NBWB, one of which included 
utilising the Kanaka Drain. 
 
The Kanaka Drain was selected from an array of options investigated as 
it was the most economical choice that increased the ability of the board 
to supply irrigation water for farmers and at the same not aggravating 
existing drainage problems in the area (upstream of the Kanaka Drain) 
 
Improvements to the Kanaka Drain included lowering the invert level 
approximately 1.2m along its length and also increasing its cross-
sectional width typically by 5m.  Lowering the drain’s invert level 
decreased the pump head that the NBWB pumps (situated near 
Lilliesmere Lagoon) had to overcome whereas increasing the width of 
the drain was undertaken solely for the purpose of improving drainage 
capacity. 
 
The decision to increase the capacity of the drain beyond the 
requirements of irrigation purposes was made with the knowledge of the 
conclusions of the Brandon Flood Study. The Brandon Flood Study 
highlighted the drain’s limited role in passing flood waters from Browns 
Lagoon however it was resolved to increase the flooding capacity of the 
drain as enlarging the capacity of the drain would provide some benefit 
for landowners upstream of it. 
 
In addition to increasing the discharge capacity of the drain, the works 
also included the installation of a flood gate and large culvert (3m x 3m) 
that replaced an existing aging structure made obsolete by the drain’s 
upgrade.  The culvert maintained road and rail access over the drain 
whereas the flood gate was installed to regulate both irrigation and flood 
waters. 
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Since its installation, the gate has been the centre of controversy for the 
Burdekin Shire Council as anecdotal evidence suggests that since the 
Kanaka Drain’s augmentation, water levels downstream of the gate (in 
Lilliesmere Lagoon and further downstream) have risen significantly.  In 
view of this, the BSC resolved to only partially open the gate until the full 
effects of the gate were quantified.  Having the gate only partially open 
means that stormwater flowing from Browns Lagoon to Lilliesmere 
Lagoon will be restricted.  
5.5 TOWN OF AYR FLOOD STUDY (SKM 2001) 
The Town of Ayr Flood Study is the most recent study of the area and its 
prime focus was to determine a flood path for waters from Ayr to the 
coast.  Refer to Figure 5.4 - Study Area for Town of Ayr Flood Study 
2001 for the study area of this project where it can be seen its proximity 
to the present Browns Lagoon Kanaka Drain study area (black shading). 
 
 
 
Figure 5.4 - Study Area for Town of Ayr Flood Study 2001 (112km2) 
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Ayr is located approximately 12km inland and the study area stretches 
15kms along the coast and therefore encompasses an area of 
approximately 112km2.  Storm water from Ayr is discharged into 
Lilliesmere Lagoon which subsequently overflows into a series of natural 
channels before entering tidal creeks. 
 
While the main objectives of the study focussed on determining a flood 
path from Ayr to the coast, it was also included in the project’s 
objectives to assess the impact that the Kanaka Drain could have to 
water levels in Lilliesmere Lagoon.  The BSC expected that this study 
would finally prove or disprove landowner allegations of increased 
inundation to their properties since the Kanaka Drain was enlarged.   
 
Hydrologic and hydraulic modelling was undertaken by SKM similar in 
scope to the modelling performed for the Brandon Flood Study.  
 
A range of inflow hydrographs were determined at a number of locations 
using the runoff routing model RAFTS-XP.  RAFTS-XP was originally 
developed by the Willing and Partners and the Snowy Mountain 
Engineering Corporation in 1974 and was first distributed as the 
Regional Stormwater Model (SKM Town of Ayr Flood Study Report – 
Hydrological Modelling).  The ARI rainfall events 1,5,20 and 50 ARI 
events were assessed and modelled in RAFTS-XP to produce inflow 
hydrographs for input into the hydraulic model. 
 
The hydraulic model MIKE11 was used to undertake the complex 
analysis of the system hydraulics.  The MIKE11 hydrodynamic model 
was developed by the Danish Hydraulic Institute and it is a one-
dimensional unsteady-state model used to simulate flow in channels of 
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various configurations (SKM Town of Ayr Flood Study Report – 
Hydraulic Modelling). 
 
The study modelled a range of flooding situations and noted the water 
levels and discharge volumes at a number of locations within the 
system.  Water levels and discharges were determined for three 
scenarios that quantified for Council the effect of the 1998 augmentation 
works of the Kanaka Drain and also additional system improvement 
works.  Modelling revealed that the Kanaka Drain augmentation works 
did have an affect to water levels in Lilliesmere Lagoon and further 
downstream.  In some cases the effects of the Kanaka Drain 
enlargement works were considerable (primarily upstream of Lilliesmere 
Lagoon in the Ayr township) however in most circumstances the drain 
had a very limited impact to properties downstream of it. 
 
SKM noted in their report that modelling was undertaken with the gate 
fully open for the duration of the ARI design event and therefore it was 
possible that the gate could provide additional benefits if it was actuated 
in response to water levels in the system. 
 
As a result it was suggested that gate actuations could provide 
additional benefit for all landowners with the gate being operated in such 
a manner that it restricted flow into Lilliesmere Lagoon by fully utilising 
the detention capacity of the lagoons and channels in and surrounding 
Browns Lagoon until such time when urban properties in Brandon were 
in danger of becoming flooded.  
 
SKM concluded that the BSC needed to give thorough consideration to 
determining an operational strategy for the gate as incorrect gate 
actions could produce significant ramifications for landowners upstream 
and downstream of the Kanaka Drain. 
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6 HYDROLOGIC DATA 
In most cases the hydrological data used in this study was sourced from 
previous studies rather than produce such data exclusively for this 
project.  The study area of this project overlapped study areas of 
projects that had been previously undertaken and as such there was 
sufficient data to undertake this project.  Additionally, using hydrological 
data from previous studies enabled this study, of the operations of the 
Kanaka Drain flood gate, to concentrate on its primary objective of 
hydraulic modelling. 
6.1 AVAILABLE DATA 
The majority of the hydrological data used in this study was sourced 
from SKM and was supplied for this study in the form of hydrographs, 
which are simply a plot of discharge versus time.  A typical hydrograph 
used in the model is shown in Figure 6.1 - Plot of a typical hydrograph 
used in HECRAS model.  SKM extracted this data together with cross-
sectional data, system coefficients, initial flows, initial water depths and 
also information about hydraulic structures that they used to produce 
their MIKE11 model.  It was therefore necessary to format this data 
ready for input into this study’s HECRAS hydraulic model. 
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Figure 6.1 - Plot of a typical hydrograph used in HECRAS model 
 
Some of the hydrographs provided did not appear to be indicative of the 
flows entering the system when considering the catchment sizes and 
also the topography of the area in particular the size of the existing 
drains.  These hydrographs that were suspected to be not 
representative of system inflows contained discharge values of 0.1m3/s 
for the duration of the design event which indicated that this hydrograph 
represented baseflow and not catchment runoff.  These hydrographs 
were used to represent flows entering the system at its most upstream 
extent (upstream boundary condition) and therefore representing inflow 
into the system for runoff from large catchments.  Attempts were made 
to clarify the validity of this data however unfortunately these attempts 
failed due to an inability to source the required information.   
 
Due to the uncertainties as detailed above about integrity of some of the 
hydrological data provided by SKM, in order to proceed with this project, 
data was sourced from other studies that had been conducted for the 
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area.  Additional hydrological data was sourced from the McIntyre & 
Associates (M&A) planning study undertaken in 1998.  While little 
information was available about the hydrologic and hydraulic modelling 
undertaken in this study, the hydrographs used in M&A’s study did 
appear to be more indicative of the flows that could be expected flowing 
into the system.  Upon consideration of the restricted time frames 
involved in this project, the information obtained from M&A was used in 
the model and therefore results of this study must be considered 
accounting for the above uncertainties as to the appropriateness of the 
data. 
6.2 REPRESENTATIVE DATA 
Lilliesmere Lagoon is the receiving waters for Ayr and its surrounding 
areas and subsequently the lagoon receives inflow from a number of 
sources, all having varying durations and intensities. 
 
SKM in their supply of data provided all of the inflow hydrographs that 
they used in their wider study area, which, when applied together would 
represent inflow into Lilliesmere Lagoon (upstream of the Kanaka Drain 
junction).  However in order to use this data, the HECRAS hydraulic 
model would have had to extend into Ayr and incorporate its various 
network of channels and drainage structures for the sole reason of 
generating outflow hydrographs (from Ayr) that would ultimately 
represent inflows into Lilliesmere Lagoon.  It is expected that SKM’s 
MIKE11 model would have produced an outflow hydrograph from Ayr 
which would have represented inflow into Lilliesmere Lagoon.  Attempts 
were made obtain such a hydrograph that would represent the collective 
inflow into Lilliesmere Lagoon however at the time of this study this 
information was unavailable.  Consequently, rather than extend the 
HECRAS model into Ayr, it was deemed more effective for the purpose 
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of this study to formulate an arbitrary hydrograph that would represent 
inflow into Lilliesmere Lagoon. 
 
Lilliesmere Lagoon is included in the HECRAS model to solely simulate 
the affect that it has on the discharge ability of the Kanaka Drain when 
its water level is elevated.  Subsequently the values used in the inflow 
hydrograph were determined on a trial and error basis in conjunction 
with the Lilliesmere Lagoon downstream rating curve for the simple 
purpose of simulating changing water levels in the lagoon.  The values 
used in the hydrograph (and rating curve) should therefore only be 
considered in this context and not as indicative values of actual flows.  
Refer to the Appendix for all inflow hydrographs used in the HECRAS 
model.   
6.3 DESIGN EVENT 
The hydrological data supplied by SKM was not specifically indicated 
which Average Recurrence Interval (ARI) event that it represented, 
however their report indicated that their conclusions and 
recommendations are primarily based on system inflows representing 
the design event having a 20 year ARI with a 24 hour critical duration.  
Attempts were made to confirm that the information supplied did in fact 
represent this ARI event and additionally to obtain hydrographs of other 
ARI design events used in SKM studies.  However, similar to previous 
requests these attempts failed. 
 
In the absence of obtaining varying ARI hydrographs used in other 
studies to fully investigate the potential benefit available from the 
Kanaka Drain flood gate, the supplied hydrographs were manipulated 
and then used to approximately represent different ARI inflows.  By 
doing this it could then be determined how the gate would affect water 
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levels in response to a variety of storm events and therefore provide 
more information to formulate the gate operational strategies. 
 
Under the presumption that the hydrographs supplied by SKM and M&A 
were indicative of a 20 year ARI design event, it was considered that 
multiplying the hydrographs by a factor of two would be appropriate to 
determine how the gate responded to higher flows. A factor of two was 
selected as this was expected to crudely represent a 1 in 100 year ARI 
event and that any higher multiples applied to the existing hydrographs 
would not be representative of runoff likely for the area.  Advice from 
BSC technical staff confirmed that using a factor of two to roughly 
represent a 100 year ARI event is appropriate however if anything it is 
still a slight over approximation of 100 year ARI flows (pers comm. K 
Byers, August 2004). 
 
While supplied hydrographs were manipulated to simulate larger inflows 
from more intense ARI events, the hydrographs were not modified to 
simulate lower flows into the system as initial conditions used in the 
hydraulic model would see that smaller inflows would have little if any 
affect to water levels in the system’s channels and lagoons.  The initial 
conditions of the hydraulic model represent will be discussed in the 
following section however they broadly define conditions in the system 
that are present prior to system inflow, for example initial flows and initial 
water depths in the channels. 
 
Different inflows into the system were used in an attempt to expose in 
what circumstances the gate would provide mitigating affects to flood 
waters as originally proposed for the gate.  It will be seen in later 
sections of this report that the changes to the magnitude of the system 
inflows (hydrographs) had little affect to enabling the gate to have a 
more substantial affect to water levels in the system other than rising 
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water levels upstream of the gate by up to 500mm in comparison to 
when inflow hydrographs remained as supplied by SKM (i.e. not 
modified). 
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7 HYDRAULIC MODELLING 
7.1 OVERVIEW 
Hydraulic analysis of the Kanaka Drain and Browns Lagoon System was 
undertaken using the widely available program HECRAS.  HECRAS is a 
one dimensional flow model that is capable of simulating water flows in 
a range of hydraulic elements, in particular in channels and structures.  
The program was originally limited to performing backwater analysis of 
steady state conditions, however in May 2003 an unsteady flow 
equation solver was added to the program that then enable it to perform 
unsteady flow analysis. 
 
HECRAS has been developed by the US Hydrological Centre and was 
chosen over other hydraulic models such as MIKE11 and FEQ (DOS 
based) as it was easily accessible and user friendly.   
 
The creation of the HECRAS hydraulic model comprised of a range of 
information, which included: 
 
• Inflow hydrographs 
• Channel roughness coefficients 
• Channel cross-sectional data 
• Stream junction data 
• Boundary conditions / Initial conditions 
• Structure information (culverts, weirs, gates) 
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7.2 MODEL DEVELOPMENT 
A hydraulic model was created in order to produce a realistic model of 
the system’s behaviour in flooding conditions in response to gate 
operations.  To do this a broad range of information was sourced from 
previous studies and as a result it was not always available in a format 
suitable for input directly into HECRAS.  Therefore this data was 
formatted in a standard manner that would allow it to be incorporated 
into the multiple tables of HECRAS. 
 
Developing the model included three main steps: 
 
1. Entering geometric data  
2. Entering boundary conditions 
3. Performing the hydraulic calculations 
7.2.1 Entering geometric data  
7.2.1.1 Channel geometry 
The first part of developing the model was to identify the extents of the 
system.  The limits of the study area were essentially defined by the 
data available and also by the objectives of the project.   
 
The study area was bound to the west by Japs Lagoon, to the south by 
the Bruce Highway, east by Ayr and Lilliesmere Lagoon and to north by 
the Browns Lagoon Overflow.     
 
The objective of the study was concentrated on modelling the effect of 
the floodgate and therefore the extents of the system needed only be 
broad enough to realistically model system behaviour.  The study area 
and system layout is shown in Figure 7.1 - Browns Lagoon Kanaka 
Drain System layout. 
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Figure 7.1 - Browns Lagoon Kanaka Drain System layout 
 
After the model extents were defined the alignments of the various 
channels were determined by using aerial photographs.  Aerial 
photographs were used to identify the low lying areas of the study area.  
Once the depressions of the area had been identified the images were 
further used to position the centreline of each channel.  Once identified, 
the channel alignments were then validated by overlaying 0.25m 
increment contours where only minor changes were required to the 
original alignments. 
7.2.1.2 Network Junctions 
After the channel alignments had been determined, channel 
intersections were defined by inserting a stream junction.  A stream 
junction is the length of channel that is nominated which the model uses 
to undertake the necessary calculations to accurately model the 
complex behaviour of converging stream lines.  A nominal junction 
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length of 10m was used in the absence of more accurate information 
and a typical junction is shown in Figure 7.2 - Typical Stream Junction. 
 
 
Figure 7.2 - Typical Stream Junction 
 
Junction modelling will be discussed in more detail in later sections of 
this document. 
7.2.1.3 Cross-Sections 
Cross-sectional data was sourced from SKM’s Town of Ayr Flood Study.  
The data set supplied consisted of a range of information including: 
 
• the shape of the channel; 
• manning’s n values; 
• main channel definition (separating from overbank floodplains); 
• a cross-section’s reach length (length of channel the cross-section 
defined).  
 
This data was extracted from SKM’s MIKE 11 hydraulic model and 
formatted ready for input to HECRAS. 
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Cross-sectional data was provided at the start and the end of each 
channel as well as at all changes in channel geometry.  In some cases 
the lengths in between inserted cross-sections were substantial and as 
a result intermediate sections were interpolated using an automatic 
function in HECRAS’s geometric editor.  Large distances in between 
cross-sections along a stream reach can sometimes be the cause of 
model instability. Therefore to avoid this, additional sections were 
generated. 
7.2.1.4 Structures 
Three drainage structures were included in the model; namely a weir, 
culvert and floodgate.   
 
The weir that was included in the model is the natural overflow for 
Browns Lagoon and is one of two outlets for the system.  It has been 
modelled as a broad crested weir and it is shown in Figure 7.3 - Browns 
Lagoon Overflow.  The weir is simply a depressed area of land that is 
reinforced with railway ballast to prevent erosion and also to allow 
vehicle access across it in low flow conditions.  The spillway of the weir 
is approximately 100m in length and set at level of RL = 4.6m with a 
crest width of 5m. 
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Figure 7.3 - Browns Lagoon Overflow 
 
The reinforced concrete box culvert included in the model is 14m in 
length and provides vehicle and train access over the drain.  It has the 
flow area dimensions of 3m x 3m and is modelled as an inline (with 
drain) structure. 
 
The floodgate is mounted on the downstream end of the access culvert 
as detailed above.  The flood gate and culvert are shown below in 
Figure 7.4 - Kanaka Drain Flood Gate.  The opening dimensions of the 
gate used in the model were: 
 
• Gate width = 3.020m 
• Gate height = 2.835m 
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Figure 7.4 - Kanaka Drain Flood Gate 
 
For modelling purposes two gates were inserted into the model (in the 
immediate vicinity of one another in the Kanaka Drain) so that the gate 
could be operated in response to water levels at two separate locations, 
as HECRAS does not allow for such functionality in its range of options.  
Figure 7.5 - 2 gates used to model gate operations based on two water 
level sensors depicts how the two gates were represented in HECRAS.  
The operations of the gate will be further detailed below. 
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Figure 7.5 - 2 gates used to model gate operations based on two water level 
sensors 
7.2.2 Entering boundary conditions 
7.2.2.1 Boundary Conditions 
After all the components of the study area had been defined the next 
step to create the hydraulic model was to set the model’s boundary 
conditions. 
 
Boundary conditions are broadly defined as factors external to the 
components of the model (cross-sections, stream alignments, 
structures) that have an affect to the behaviour of the model.   There are 
a number of different types of boundary conditions that are used to 
reflect factors that influence model behaviour, most notably inflow 
hydrographs. 
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A hydrograph is a model of the relationship between rainfall and runoff.  
A hydrograph is represented in a hydraulic model as a plot of discharge 
verus time and is simply simulating catchment runoff from rainfall.  
Hydrographs are determined by incorporating a range of factors specific 
to a catchment such as area, soil types and infiltration rates, vegetation, 
grades, impermeable areas just to name a few.   
 
A total of fourteen hydrographs were used to simulate flow into the study 
area.  Hydrographs were applied at the upstream end of each channel 
to simulate flow into the model and an additional eight hydrographs were 
applied at locations along various streams (channels) to take into 
account flow that entered the system downstream of the (upstream) 
limits of the model. 
 
Boundary conditions were also used to define the operations of the flood 
gate.  The parameters that defined the operations of the gate included:  
 
• Maximum opening = 2.835m  
• Minimum opening  = 0.3m (nominal values used for model stability) 
• Initial opening = 0.3m (nominal values used for model stability) 
• Opening rate = 0.035m / minute (80 minutes to completely open) 
• Closing Rate = 0.035m / minute (80 minutes to completely close) 
• Water levels for gate actuation 
- Based on upstream water levels 
- Based on specified reference 
- Based on a difference stage 
 
For the purpose of this project, water levels used for gate actuation were 
based on water levels at specific reference points located within the 
system.  The locations of these reference points will be detailed later in 
this report.  
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Boundary conditions were applied at the downstream extents of the 
model to set parameters that would allow the model to calculate outlet 
discharge and the subsequent water surface profiles.  The model 
included two outlets, Browns Lagoon Overflow and the Lilliesmere 
Lagoon.   
 
The area downstream of the Browns Lagoon Overflow has very little 
longitudinal grade and as there is no obstruction or structure within the 
near vicinity of it that could affect or control water levels, the model 
calculated the water surface profile downstream of the overflow based 
on the downstream friction slope.  For modelling purposes this value 
was set to 0.001m/m and it can be seen from Figure 7.6 - Outfall from 
Browns Lagoon Overflow that the area downstream of the overflow is 
extremely flat and undeveloped. 
 
Figure 7.6 - Outfall from Browns Lagoon Overflow 
 
Lilliesmere Lagoon is the receiving waters for discharge from Ayr and 
also the Kanaka Drain.  The lagoon has been included in the model as 
water levels in the Lagoon have an affect on the discharge ability of the 
Kanaka Drain.  While the lagoon is a significant factor in determining 
outflow from the Kanaka Drain its inclusion in the model is merely to 
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simulate the effects that changes to water levels in the lagoon have on 
the Kanaka Drain.  Figure 7.7 - Lilliesmere Lagoon representation in 
HECRAS model shows how the lagoon that has been represented in the 
model. 
 
 
Figure 7.7 - Lilliesmere Lagoon representation in HECRAS model 
 
 
Figure 7.8 - Lilliesmere Lagoon, showing portion of lagoon in model 
 
Water levels in the lagoon were determined by applying a rating curve at 
the downstream extents of the lagoon reach.  A rating curve is a plot of 
elevation versus discharge and given that the lagoon is ungauged and 
that the hydrograph used to simulate inflow into the lagoon was 
  Page 41 
determined arbitrarily the values used in the rating curve were 
determined on a trial and error basis in response to the lagoon’s inflow. 
7.2.2.2 Initial Conditions 
Initial conditions are used in a hydraulic model to allow the model to 
commence computations and also they contribute to model stability.  
HECRAS requires input of initial flows and additionally has the option to 
input initial water depths in conjunction with initial flows.   
 
SKM supplied the initial conditions that they used in their MIKE11 
model, however due to instability problems with the HECRAS model 
these conditions were unable to be used.  Hence, the initial conditions 
(initial flows only) that were applied in the HECRAS model were set at 
values to maintain model stability.  In some cases the initial flows used 
were similar in magnitude to peak flows of hydrographs at certain 
locations.  This fact poses some questions about the accuracy of the 
model and this will be discussed in later sections of the report. 
 
Having inserted the initial flows in the model to begin computations, the 
model performs a steady flow backwater analysis to compute the 
corresponding stages (water surface elevations) at each cross section.  
In doing so, it was then possible to compare the initial water depths 
calculated by HECRAS with those used by SKM.  Analysis showed that 
the initial water depths calculated by HECRAS in comparison to initial 
water depths used in SKM’s MIKE11 model were on average 
approximately 900mm lower.  Modelling saw that lower initial water 
levels in the system meant that water levels in Browns Lagoon were 
greater influenced as a result of discharge via the Kanaka Drain. 
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7.2.3 Performing the hydraulic calculations 
The unsteady flow analysis included setting a number of parameters 
which would ultimately affect the results and model stability. 
 
HECRAS has a range of calculation options and tolerances that can be 
changed to suit the actual conditions and study objectives.  However, 
due to time restrictions and without full knowledge of the affect of 
changing these settings the default values in the tables remained 
unchanged. 
 
Hydraulic analysis of the system was undertaken using a computational 
time step of three minutes.  A three minute time interval was selected as 
it was the highest time interval that maintained model stability and 
provided the necessary results for analysis. 
 
In an attempt to further maintain model stability, flow at each junction 
was optimised using an automatic function in HECRAS.  HECRAS 
optimises flow at each junction by computing the water surface profiles 
for all reaches then compares the computed energy grade line for the 
cross-sections just downstream of the junction.  If the energy in all the 
reaches below a junction is not within a specified tolerance (0.006 
metres – default value), then the flow going to each reach is 
redistributed and the profiles are recalculated. This methodology 
continues until a balance is reached (HECRAS User Manual – 
Performing Unsteady Flow Calculations - Simulation Options).   
 
During some simulations, flow optimisation iterations did not converge 
and as a result the solution of the unsteady flow matrix was aborted.  In 
these cases, the model was stabilised by making minor adjustments to 
the computational time step and or initial conditions (flows). This is 
primarily how the three minute time step was established as it was the 
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highest time step that was appropriate for all the simulations that were 
undertaken. 
7.3 MODEL CALIBRATION 
Limited model calibration was undertaken as a part of this project. This 
was due to the fact that the benefits of performing model calibration 
were limited given a number of assumptions that were made when 
producing the model (rating curve, representative hydrographs).  After 
performing simulations it was revealed that the assumptions used to 
formulate the model appeared to have a significant effect to the results 
and that calibration of the model would be of little benefit. 
 
While the model has not been calibrated using conventional techniques 
(where model results are compared and adjusted to gauged or recorded 
storm events), relative confidence in the predicted water levels (and 
assumptions made) and flow of the HECRAS model can be obtained 
when they are compared to results and predictions of SKM’s Town of 
Ayr Flood Study.  These values are shown in Table 7.1 - Calibration 
Table. 
Table 7.1 - Calibration Table 
Calibration Gauge HECRAS SKM 
MIKE11 
Difference 
Peak Flow over 
Browns Lagoon 
Overflow 
83 m3/s 72 m3/s 11 m3/s 
Peak discharge 
from Kanaka Drain 
(gate fully open) 
18 m3/s 17 m3/s 1 m3/s 
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The results in the Table 7.1 - Calibration Table have been determined 
based on the gate remaining open for the duration of the design event.  
From these results it can be seen that the model does maintain an 
affiliation with SKM’s predicted results.  SKM’s model has been 
appropriately calibrated against recorded storm events. 
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8 MODELLING RESULTS 
8.1 OVERVIEW 
Hydraulic modelling was undertaken such that water surface profiles in 
the study area could be predicted and from this make it possible to 
formulate a gate operational strategy.  
 
Simulations were conducted by making changes to certain parameters 
within the model in an attempt to understand how the Kanaka Drain 
Browns Lagoon system behaved in response to gate operations.  The 
parameters that were varied to simulate changing conditions of the 
system included: 
 
• Using one or multiple triggers for gate actuation (water sensors); 
• Varying water levels used to trigger gate operations; 
• Varying inflows to the system (hydrographs); 
• Various combinations of the above. 
 
The following discussion will describe how the parameters listed were 
used to influence the model and why their use was essential to revealing 
the effects of gate operations to water levels of the system. 
8.2 MULTIPLE TRIGGERS FOR GATE ACTUATION 
The activation of the gate is essentially divided into two broad 
operations.  These include:  These being: 
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• When water levels in Lilliesmere Lagoon are at or below the invert 
level of the Kanaka Drain outlet and significant inflow is being received 
from Brandon and surrounding areas, the gate will be opened to 
reduce the likelihood of properties in Brandon being flooded by 
reducing the water levels in Browns Lagoon. 
• Secondly, when the water level in Lilliesmere Lagoon is elevated 
significantly above the invert level of the Kanaka Drain and irrespective 
of inflow upstream of the Kanaka Drain, the gate will be closed to 
prevent water backing up from Lilliesmere Lagoon into Browns 
Lagoon. 
 
It was the original purpose of the gate to regulate flows in such a 
manner that it would prevent or limit flooding of all properties.  However, 
given the higher social, economic and emotional costs that would be 
experienced by the landowners in Brandon in the event of flooding, 
compared to the costs affecting agricultural landowners downstream of 
the gate, the gate will be operated to inundate properties downstream 
and prevent flooding of urban land upstream. 
 
With this in mind, gate operations had to prevent water from Lilliesmere 
Lagoon back flowing along the Kanaka Drain and raising water levels in 
Browns Lagoon in addition to ensuring that when it was required water 
could be released from Browns Lagoon to allow outflow from Brandon.  
Modelling revealed that if water from Lilliesmere Lagoon is allowed to 
backup into Browns Lagoon (via the Kanaka Drain), water levels in 
Browns Lagoon could raise approximately 50mm. 
 
Having discovered that the gate had to operate with reference to water 
levels upstream and downstream of it, it was then necessary to identify 
the locations within the system that would give the gate adequate 
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warning of the imminent flood waters so that it could begin to positively 
affect water levels in Browns Lagoon. 
 
Figure 8.1 - Water level sensor locations shows the locations where the 
water levels were referenced to trigger gate operations in the model 
(yellow labels).  These locations were chosen as they were simply 
locations at the upstream most extents of the system and therefore 
would enable the gate to have maximum opportunity to positively affect 
water levels in the lagoon in response to the system inflows. 
 
 
Figure 8.1 - Water level sensor locations 
 
The positions of the sensors used to monitor the water level to actuate 
the gate during simulations, while they provided the gate with sufficient 
time to positively affect water levels (this includes preventing backflow 
from Lilliesmere Lagoon), it is recommended that Council install water 
level sensors at locations further upstream along the main channel flow 
paths, then the positions used for modelling.  In doing so, this will 
provide the gate with more opportunity to counteract flow into Browns 
Lagoon.  Figure 8.1 - Water level sensor locations shows the 
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recommended locations that the water levels sensors should be 
installed (purple labels). 
8.3 GATE TRIGGER LEVELS 
Having defined in broad terms the operations of the gate, the actual 
trigger levels used to activate the gate were then determined. 
 
At the locations of the water level references used in the model (Japs 
and 1km upstream of Kanaka Drain Lilliesmere Lagoon junction), water 
levels were selected such that they were expected to have an effect on 
water levels in Browns Lagoon. 
 
Initial model simulations showed that irrespective of the water levels 
used to trigger gate operations, water levels in the system generally 
were not affected if small changes were made to trigger levels (water 
levels at referenced locations).  As a result, it was concluded that in 
order to determine the effectiveness of the gate to reduce water levels in 
Browns Lagoon, only three gate operations were required.  These were: 
 
• Levels selected such that the gate does not open at all during the 
simulation period; 
• Level selected such that the gate opens during the simulation period; 
• Levels chosen such that the gate opens for the duration of the 
simulation period. 
 
Modelling revealed that the gate appeared to have little effect to the 
water levels in Browns Lagoon and it was concluded that this was the 
due to the small difference in the initial and maximum water levels of the 
simulations, typically only 1-1.5m in areas upstream of the gate. 
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In almost all instances, the water level that was used to trigger the gate 
to open did not have a bearing on results as long as the gate opened.  
That is, if the starting water level at the Japs Lagoon sensor was RL = 
4.6m and the maximum water level at this location was RL = 5.8m, 
choosing to open the gate at either RL = 4.6m (gate opens at the 
commencement of the simulation) or at RL = 5.3 (gate opens during 
simulation) did not have an affect to the maximum water level that was 
predicted.    Refer to Figure 8.2 - System sensitivity in response to gate 
level triggers where the opening triggers levels of the gate are plotted 
against the resulting maximum water levels.  The relatively straight line 
clearly indicates that the water level trigger used at the Japs Lagoon 
sensor is a significant factor in affecting water levels. 
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Figure 8.2 - System sensitivity in response to gate level triggers 
 
However, from the shape of the water surface profile shown in Figure 
8.3 - Typical water surface profile at Japs Lagoon, sensor location it can 
be appreciated that the water level used to trigger the gate to open 
during the simulation, but which will still allow the gate to have an affect 
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on water levels in Browns Lagoon, will be at a level that is much less 
than the predicted peak water level (generally more 0.5m lower). 
 
 
Figure 8.3 - Typical water surface profile at Japs Lagoon, sensor location 
 
Much of the above discussion describes the behaviour of the water 
levels in Browns Lagoon subject to the water levels selected for gate 
actuation at Japs Lagoon.  Modelling revealed that the water levels in 
Lilliesmere Lagoon had a noticeable affect on water levels in Browns 
Lagoon due to the restriction that Lilliesmere Lagoon places on the 
discharge capability of the Kanaka Drain and also from backflow along 
the drain (if the gate is not closed). 
 
The water levels selected to trigger operation of the gate at the 
Lilliesmere Lagoon sensor were selected to merely prevent backflow 
from Lilliesmere Lagoon and therefore to allow maximum outflow from 
Browns Lagoon.  The levels used to trigger gate operations were 
selected based on the shape of the inflow hydrograph which in this case 
was not formulated by using conventional hydrologic (catchment runoff) 
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and hydraulic (modelled discharges) modelling techniques but rather 
using a simplistic best estimate.   
 
For modelling purposes the gate was activated to close when water 
levels in Lilliesmere Lagoon reached an RL = 2.8m (which is the invert 
level of the Kanaka Drain) and open again when water levels in 
Lilliesmere Lagoon receded below RL = 2.8m.   
 
In view of the above the operation of the gate should be further 
extended to be operated in consideration the peak water level of 
Lilliesmere Lagoon and open the gate as water levels in the lagoon 
recede (i.e. when water level in Kanaka Drain downstream of the closed 
gate is less than water levels upstream of the gate).  With this operation, 
discharge of the gate would rely on the difference between the head and 
tailwater levels of the gate to push water through the drain from Browns 
Lagoon.  It is expected that this operation could be used when property 
flooding in Brandon was expected and Council had to utilise the gate to 
provide maximum benefit for Brandon residents at the peril of 
landowners downstream of the gate. 
8.4 SYSTEM INFLOWS 
The water surface profiles predicted by the model were the combination 
if multiple system inflows; 13 upstream of the gate and 1 downstream of 
the gate (Lilliesmere Lagoon).  Peak inflows within the hydrographs 
used ranged from 1m3/s to 30m3/s (except in Lilliesmere Lagoon) and as 
a result, changes to some hydrographs would be more influential to 
water levels than others.  The various system inflows are shown in 
Figure 8.4 - Various System inflows. 
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Figure 8.4 - Various System inflows 
 
To further predict the behaviour of the system in response to gate 
operations, system inflows were modified to allow the gate further 
opportunity to affect water levels in Browns Lagoon.   
 
Changes to the system hydrographs included: 
 
• Lagging (delaying) hydrographs in respect to others; 
• Changing magnitude of the hydrographs (simple factoring); 
• Various combinations of the above. 
 
It was found that the timing and the magnitude of hydrographs had an 
affect on the system water levels and generally did provide the gate with 
a greater chance of favourably affecting water levels in Browns Lagoon. 
 
It was generally observed that when water is flowing into the system at 
the same time upstream and downstream of the gate, the water level in 
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Lilliesmere Lagoon will be the controlling factor of the gate’s operations 
(preventing backflow).  In this situation, water levels in Japs Lagoon and 
Browns Lagoon will be higher than when the gate is able to be opened 
due to the water level in Lilliesmere Lagoon receding, however more 
water will be discharged due to increased head in the system forcing 
water through the drain 
 
Modelling confirmed that flow into Lilliesmere Lagoon was a dominant 
and controlling factor in gate operations as the gate was forced to close 
more often and for longer durations to prevent backflow from Lilliesmere 
Lagoon than when simulations were undertaken without actuating the 
gate in response to water levels in Lilliesmere Lagoon.  This result 
however must be interpreted with caution as the hydrograph that was 
used to simulate flow into Lilliesmere Lagoon were arbitrarily formulated 
for the purpose of the study and were not determined using conventional 
modelling techniques (hydrologic or hydraulic) as discussed in an earlier 
section of this report. 
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9 GATE OPERATIONAL STRATEGY 
Three gate operational strategies have been proposed following the 
hydraulic analysis of the Browns Lagoon Kanaka Drain system and also 
upon consideration of the impacts to landowners affected by flooding.   
9.1 GATE OPERATIONAL STRATEGY 1 
The first gate operational strategy proposes that the gate is to be 
opened prior to system inflows thereby using the Kanaka Drain to 
reduce water levels in Browns Lagoon in situations where the Browns 
Lagoon overflow is insufficient.  This will provide extra detention 
capacity in Browns Lagoon than that previously allowed by the Browns 
Lagoon Overflow. 
 
The invert level of the Kanaka Drain is typically RL = 2.75m along its 
length whereas the Browns Lagoon Overflow spillway level is RL = 
4.6m.  Without the Kanaka Drain, the minimum water level in Browns 
Lagoon (during flooding conditions) will be RL = 4.6m prior to inflow 
(depending upon previous inflow and or irrigation draw downs).  
However, by utilising the Kanaka Drain the level in the lagoon can 
approach RL = 2.75m and thereby significantly increase the detention 
capacity of the lagoon for floodwaters.  Refer to Figure 9.1 - Difference 
in invert and spillway levels of overflow and drain.  
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Figure 9.1 - Difference in invert and spillway levels of overflow and drain 
 
Operating the gate in this manner will require the gate to be actuated in 
response to impending rainfall rather than water levels in the system.  
The time gap between the moment when the gate is opened and system 
inflow begins will need to be sufficient such that the drain is able to 
reduce the volume of water in the lagoon.  Also note when considering 
lee time required for the gate, the rate of outflow through the Kanaka 
Drain will continually reduce as water levels in the lagoon decrease as 
the effective discharge area of the drain reduces as water levels 
decrease hence requiring more time to drain a quantity of water when 
water levels are lower in the section than when they are higher. 
 
Rainfall patterns are quite unpredictable and therefore operating the 
gate in the manner described above without appropriate rainfall 
monitoring facilities would be relatively impossible.  Fortunately, the 
Burdekin Shire Council already has a rainfall monitoring system in place.  
 
The Burdekin Shire Council’s rainfall monitoring facilities are part of its 
river flood alert system, which is an automated system that it operates in 
a joint venture with the Bureau of Meteorology (BoM).  The system was 
installed so that Council could monitor Burdekin River flows in flooding 
conditions to provide the necessary flood warnings to the residents of 
Ayr, Home Hill and Brandon.  The system was installed in 1990 and 
since then it has been progressively improved and expanded to include 
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18 rainfall sites and 9 river gauging sites.   The multitude of rainfall sites 
operated by BSC can be seen in the Figure 9.2 - Existing rainfall 
monitoring sites surrounding the study area.  
 
 
Figure 9.2 - Existing rainfall monitoring sites surrounding the study area 
 
A sophisticated telemetry system is used to report rainfalls at each 
monitoring site to Council’s Disaster Control Centre at its office in Young 
Street, Ayr.  Rainfall is reported at 1mm increments in real time and as 
such provides Council with adequate data to assess the likelihood of the 
townships being flooded. A typical rainfall site is shown in Figure 9.3 - 
Typical rainfall monitoring site 
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Figure 9.3 - Typical rainfall monitoring site 
 
The study area is located such that the existing network of rainfall 
monitoring sites is able to report upon rainfalls from the west, south and 
east of the Browns Lagoon Kanaka Drain system.  The BoM has a 
rainfall monitoring site at Alva Beach, approximately 12km north of the 
study area and it is proposed that Council make arrangements to have 
access to data collected from this site in a similar manner as it has to 
the other rainfall sites.   
 
With Council’s extensive network of rainfall monitoring sites shown in 
Figure 9.2 - Existing rainfall monitoring sites surrounding the study area 
it is proposed to operate the Kanaka Drain flood gate with respect to 
rainfalls received from these sites in consideration of the rainfall 
intensities and also the likelihood of the rainfall providing significant 
runoff within the Browns Lagoon catchment. 
9.1.1 Gate Operational Strategy 1 
Gate is to be operated prior to large system inflows to empty water from 
Browns Lagoon so that more detention storage is available for 
impending flows. 
 
  Page 58 
When called upon the gate is to be opened to its full height (2.825m) to 
allow maximum discharge through the channel (maximum depth of 
water in channel will be 1.85m) and therefore provide the maximum 
possible storage in Browns Lagoon. 
 
Action 
• Purchase or extend the functionality of existing telemetry systems 
used at the Council (for Water & Sewerage operations) and integrate 
system in real time  with rainfall information obtained from various 
rainfall sites in Council’s existing flood alert system; 
• With Bureau of Meteorology’s consent integrate Alva Beach rainfall 
site into telemetry system to monitor rainfall originating off the coast. 
• Where deemed necessary install additional rainfall monitoring sites 
along the coast to provide further ability to predict runoff into Browns 
Lagoon 
• Formulate gate trigger levels (i.e. mm of rain at each site) and 
incorporate in telemetry system’s gate operating rules; 
• Document proposed actions and inform affected landowners. 
• Include any additional rainfall monitoring sites in Council’s annual 
maintenance of flood alert sites. 
9.2 GATE OPERATIONAL STRATEGY 2 
When flooding of properties in Brandon is imminent the gate is to be 
opened as soon as possible. 
 
Modelling revealed that while it was the original intention of authorities to 
operate the gate in response to water levels in Browns Lagoon and 
further upstream, it was seen that the Lilliesmere Lagoon largely 
restricts flow from the Kanaka Drain. 
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During modelling, the gate was operated such that it was opened when 
the water level in Lilliesmere Lagoon was at or below the outlet invert 
level of the Kanaka Drain (RL = 2.8m) and closed when the water level 
in Lilliesmere Lagoon was above this level. 
 
When the gate was closed due to elevated water levels in Lilliesmere 
Lagoon water levels rose in Browns Lagoon and behind the closed gate.  
When the water level in Lilliesmere Lagoon had peaked modelling 
showed that due to a difference in level between the headwater and 
tailwater of the gate, water could begin to flow through the Kanaka Drain 
and therefore recommence reducing water levels in Browns Lagoon.  
9.2.1 Gate Operational Strategy 2 
Gate is to be opened when water levels in Lilliesmere Lagoon have 
peaked and dropped to a level whereby headwater of the gate is greater 
than its tailwater. 
 
Action 
• Install water level sensors immediately upstream and downstream of 
gate to determine the gate headwater and tailwater (backflow from 
Lilliesmere Lagoon) levels. 
• Incorporate operating rule in telemetry system; 
• Document proposed actions and inform affected landowners; 
• Setup regular testing program for sensors. 
9.3 GATE OPERATIONAL STRATEGY 3 
Gate Operational Strategy 3 sees the gate operated simply in regards to 
water levels in Japs Lagoon and Lilliesmere Lagoon or at locations 
further upstream along for main flow paths. 
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It is detailed above that when water levels in Lilliesmere Lagoon are 
above the invert level of the Kanaka Drain, discharge from the Kanaka 
Drain is restricted.  In addition, when water levels in Lilliesmere Lagoon 
are elevated, and if the gate is not closed, there is the potential for 
waters from Lilliesmere Lagoon to backup along the Kanaka Drain and 
therefore increase water levels in Browns Lagoon. 
 
Subsequently this operational strategy includes limiting backflow from 
Lilliesmere Lagoon, in addition to mitigating the effects of flooding to 
properties downstream of the Kanaka Drain by reducing the time that 
the gate is opened when water levels in Browns Lagoon are increasing. 
 
Opening the gate when water levels in Japs Lagoon reach the specified 
elevation will see water level reductions in Browns Lagoon in the 
magnitude of 50mm, which is expected to provide a positive effect to 
reducing water levels in Brandon. 
9.3.1 Gate Operational Strategy 3 
The gate is to be operated based on the water levels in Lilliesmere 
Lagoon and Japs Lagoon or at locations upstream of the sites shown in 
Figure 9.4 - Proposed locations for water levels sensors.  
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Figure 9.4 - Proposed locations for water levels sensors 
 
The gate shall be closed when the water level in Lilliesmere Lagoon is 
above the invert level of the Kanaka Drain (IL = 2.8m) during rising 
waters.  Furthermore the gate is to be opened when water levels in Japs 
Lagoon reach RL = 4m during rising waters and closed when water 
levels in Browns Lagoon has peaked. 
 
When the water level in Japs Lagoon has peaked the gate is to be 
closed to prevent excessive flooding to landowners downstream of 
Lilliesmere Lagoon. 
 
Action 
• Install water level sensors in Japs Lagoon, Lilliesmere Lagoon and 
Browns Lagoon.  Refer to Figure 9.4 - Proposed locations for water 
levels sensors;  
• Incorporate operating rule in telemetry system;  
• Document proposed actions and inform affected landowners; 
• Setup regular testing program for sensors. 
9.4 SUMMARY OF GATE OPEARATIONS 
The Gate is to be operated upon consideration of the imminent rainfall, 
water levels in the system and the peak water levels in both Lilliesmere 
Lagoon and Browns Lagoon. 
 
The gate is to be opened when: 
• the water level in Japs Lagoon is at RL = 4m; 
• water level in Lilliesmere Lagoon is below RL = 2.8m; 
• gate tailwater level in Kanaka Drain is lower than gate headwater level; 
• intense rainfall is predicted. 
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The gate is to be closed when: 
• Water level in Brown Lagoon has peaked and this level is at least 
maintained or reduced by discharge over the Browns Lagoon Overflow 
• water level in Lilliesmere Lagoon has not peaked. 
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10 FUTURE WORK 
Given the limited time frame for this project, a number of assumptions 
were made so that the study could proceed.  While it is conventional 
engineering practise to simplify complex problems using appropriate 
assumptions, for completeness, this section of the report will outline 
areas where this study could be further investigated to ultimately ensure 
that the Burdekin Shire Council is fully aware of the benefits and 
implications of operating the Kanaka Drain Flood Gate. 
 
Throughout this report several areas which would benefit from more 
detailed investigation have been highlighted.  These items are listed 
below for the convenience of the person/s undertaking future work about 
the investigation of the Kanaka Drain Floodgate: 
 
1. Validate and clarify all inflow hydrographs especially those noted that 
they have been either sourced from studies other than SKM’s Town 
of Ayr Flood Study; 
2. Source from previous studies or generate inflow hydrographs for 
various ARI events and apply them to the HECRAS model to further 
determine the affect that the gate has in response to inflows from all 
standard ARI events (1, 2 ,5 ,10 ,20 ,50 ,100); 
3. Improve (stabilise) the existing HECRAS Hydraulic Model such that 
lower initial water depths and lower initial flows can be used to 
further investigate the affect that the Kanaka Drain Floodgate can 
have to water levels in Brandon (i.e. in low flows); 
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4. Improve the accuracy of the manner in which Lilliesmere Lagoon has 
been modelled by either  
a. expanding the model to Ayr and its surrounding areas in order 
to apply the various inflow hydrographs and therefore better 
model inflow into the lagoon or preferably,  
b. obtain an outflow hydrograph from SKM’s MIKE11 model at a 
station upstream of the Kanaka Drain Lilliesmere Lagoon 
junction to simulate inflow into the lagoon and similarly use 
this information so that a suitable rating curve can be 
formulated (downstream boundary condition); 
5. Undertake further consultation with the Burdekin Shire Council to 
incorporate any additional considerations regarding the gate 
operation; 
6. Investigate the implications of actuating the gate in response to 
impending rainfalls as noted in Gate Operational Strategy 1 
7. Extend the model to Brandon so that benefit to residents in the town 
from gate actuations can be accurately quantified.  By doing this, it 
may actually reveal that the gate can be closed for a longer period of 
time and therefore provide additional benefit for landowners 
downstream of the gate. 
8. Undertake conventional calibration of the model using either 
previous storm events and or based on recordings from water level 
sensors once they are positioned; 
9. Prepare a draft operational manual that Council can use to 
appropriately outline and therefore communicate the gate’s 
operations to all affect parties. 
 
While there are a number of items proposed for future work, this should 
not detract from the conclusions and recommendations of this study.  
The assumptions that were made to undertake the project were 
sufficient in order to determine the operational strategies that have been 
  Page 65 
recommended however the items listed above are included such that 
more definitive results will be possible if this matter is further 
investigated. 
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11  CONCLUSION 
This project has sought to determine operational strategies for the 
Kanaka Drain Flood Gate that will ultimately have a net benefit for all 
landowners currently affected the Kanaka Drain.  It is envisioned that as 
the controller of the gate under flooding conditions, the Burdekin Shire 
Council will be able to implement these strategies where required to 
assist in mitigating the affects of flooding.  
 
This study revealed that gate does not appear to have a substantial 
mitigating affect to flood waters as suggested in SKM’s Town of Ayr 
Flood Study Report. Modelling indicated that gate actuations had little to 
no effect on water levels in Browns Lagoon and Lilliesmere Lagoon.  
However this study has not been able to determine if small changes in 
water levels in Browns Lagoon will translate to large reductions in water 
levels in the Brandon township. 
 
SKM reported that by undertaking the works as they had proposed, 
inundation levels to all properties affected by storm water would 
generally decrease.  
SKM’s Town of Ayr Flood Study was conducted with the gate modelled 
as being fully opened and thus any time when the gate is closed 
landowners in the Lilliesmere Lagoon area will be further benefited and 
experience lower inundation levels than those reported in SKM’s study. 
 
Modelling in HECRAS identified that Lilliesmere Lagoon landowners can 
further benefit if water in the lagoon is allowed to backup along the 
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Kanaka Drain and overflow into Browns Lagoon (when there is not 
significant inflow into Browns Lagoon from Brandon).  While this action 
would be seen by Lilliesmere residents as being fair, given that they 
receive water from Browns Lagoon, allowing water from Lilliesmere 
Lagoon to backup into Browns Lagoon to reduce inundation levels for 
Lilliesmere residents should not be considered by Council as a flood 
reducing option for Lilliesmere Lagoon.  This is due to the fact that the 
benefit to Lilliesmere Lagoon residents by allowing water to backup 
along the Kanaka Drain is expected to be immeasurable when the 
volume of water that can flow through the Kanaka Drain is compared to 
the volume of water in Lilliesmere Lagoon.  This fact is highlighted in the 
following figures where it can be seen the difference in magnitude of the 
two drainage elements. 
 
 
Figure 11.1 - Typical Cross-section of the Kanaka Drain (looking towards 
Lilliesmere Lagoon) 
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Figure 11.2 - Lilliesmere Lagoon (looking downstream) 
 
The gate operational strategies detailed in the previous section are 
aimed at providing maximum benefit for landowners in Brandon as the 
volume of water that discharges along the Kanaka Drain is minute in 
comparison to Lilliesmere Lagoon inflows. 
 
This study was unable to determine the detailed operations of the gate 
due to a number of issues with information supply and the limited time 
frame of the project.  However, it is believed that the gate operational 
strategies recommended coupled with the items listed for future work 
will provide Council with the necessary information so that they can 
begin to actuate the gate in times of intense rainfall to ensure that the 
effects of flooding are alleviated for all landowners in the Browns 
Lagoon Lilliesmere Lagoon area. 
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13 APPENDIX 
• SKM’s MIKE 11 Layout 
• HECRAS Model layout 
• Inflow Hydrographs used in the HECRAS Model 
• Modelling results 
 


HECRAS Station 6 4.05 2 7 4 1.15384 4 2 4 2.5 2.2 2.1 2 1.85714
SKM Reference Browns_1 (10000)Browns_1 (11958)Browns_1 (12542)Browns_2 (9242)Browns_2 (10000)Browns_2 (11273)Browns_3 (10000)Industrial Outlet (10000)Subdivision (10100)Subdivision (10930)Subdivision (11295)Subdivision (11581)Subdivision (11650)Subdivision (11695)
Time T_KIN_Q LB3 LB1 TB6 LB5 LB4 LB2 TI2 TDSD2 LF1 LF2 LF3 LF5 LF4
Unit 0 100001 1800 100001 0 1800 0 1800 100001 0 100001 1800 100001 0
01-01-2001 0:00 0.000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:03 0.262 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:06 0.523 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:09 0.785 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.128 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:12 1.046 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.124 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:15 1.308 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.118 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:18 1.569 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.121 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:21 1.831 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.12 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:24 2.092 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.152 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:27 2.354 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.268 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:30 2.615 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.39 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:33 2.877 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.54 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:36 3.138 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.572 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:39 3.400 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.559 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:42 3.661 0.1 0.1 0.1 0.1 0.1 0.1 0.289 0.558 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:45 3.923 0.1 0.1 0.1 0.1 0.1 0.1 0.419 0.567 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:48 4.184 0.1 0.225 0.1 0.1 0.1 0.1 0.419 0.581 0.1 0.1 0.1 0.1 0.1
01-01-2001 0:51 4.446 0.1 0.406 0.1 0.111 0.1 0.1 0.498 0.744 0.1 0.1 0.1 0.124 0.1
01-01-2001 0:54 4.707 0.1 0.642 0.104 0.157 0.1 0.131 0.669 1.018 0.124 0.1 0.1 0.174 0.1
01-01-2001 0:57 4.969 0.12 0.878 0.137 0.207 0.1 0.17 0.79 1.018 0.162 0.1 0.1 0.23 0.1
01-01-2001 1:00 5.230 0.157 1.206 0.181 0.279 0.129 0.225 0.886 1.136 0.213 0.125 0.112 0.31 0.124
01-01-2001 1:03 6.647 0.204 1.636 0.239 0.386 0.167 0.3 0.994 1.292 0.282 0.162 0.144 0.434 0.16
01-01-2001 1:06 8.064 0.257 2.152 0.307 0.532 0.209 0.392 1.533 1.343 0.365 0.202 0.179 0.577 0.199
01-01-2001 1:09 9.481 0.318 2.597 0.388 0.647 0.254 0.516 2.293 1.389 0.472 0.245 0.217 0.702 0.241
01-01-2001 1:12 10.898 0.389 3.08 0.492 0.773 0.305 0.609 2.506 1.46 0.573 0.293 0.257 0.842 0.288
01-01-2001 1:15 12.315 0.478 3.613 0.576 0.916 0.363 0.71 2.557 1.547 0.666 0.348 0.302 1.004 0.341
01-01-2001 1:18 13.732 0.558 4.21 0.662 1.066 0.433 0.821 2.892 1.645 0.767 0.411 0.353 1.147 0.402
01-01-2001 1:21 15.149 0.63 4.898 0.754 1.206 0.518 0.944 3.38 1.891 0.879 0.489 0.412 1.3 0.477
01-01-2001 1:24 16.566 0.707 5.52 0.855 1.356 0.578 1.067 3.639 2.171 1.003 0.552 0.483 1.466 0.544
01-01-2001 1:27 17.983 0.79 6.152 0.97 1.518 0.641 1.183 3.863 2.271 1.111 0.611 0.543 1.647 0.602
01-01-2001 1:30 19.400 0.843 6.559 1.065 1.624 0.681 1.257 4.107 2.164 1.179 0.649 0.575 1.767 0.639
01-01-2001 1:33 20.817 0.863 6.709 1.152 1.663 0.696 1.284 4.748 2.074 1.203 0.662 0.587 1.812 0.652
01-01-2001 1:36 22.234 0.883 6.862 1.242 1.703 0.71 1.311 5.724 2.12 1.228 0.676 0.599 1.858 0.666
01-01-2001 1:39 23.651 0.903 7.017 1.345 1.745 0.725 1.338 6.278 2.219 1.254 0.69 0.611 1.905 0.68
01-01-2001 1:42 25.068 0.924 7.176 1.481 1.787 0.741 1.367 6.421 2.339 1.279 0.704 0.623 1.954 0.693
01-01-2001 1:45 26.485 0.946 7.338 1.699 1.83 0.756 1.395 6.698 2.419 1.305 0.719 0.635 2.005 0.708
01-01-2001 1:48 27.902 0.968 7.502 1.958 1.874 0.771 1.424 7.14 2.542 1.332 0.733 0.648 2.04 0.722
01-01-2001 1:51 29.319 0.99 7.671 2.226 1.92 0.787 1.453 7.673 2.296 1.358 0.748 0.66 2.076 0.736
01-01-2001 1:54 30.736 1.01 7.843 2.523 1.967 0.803 1.483 8.074 2.027 1.386 0.763 0.673 2.112 0.751
01-01-2001 1:57 32.153 1.029 8.02 2.837 2.012 0.82 1.513 8.874 2.051 1.413 0.778 0.686 2.148 0.765
01-01-2001 2:00 33.570 1.06 8.266 3.234 2.07 0.848 1.566 9.97 2.167 1.461 0.805 0.708 2.21 0.791
01-01-2001 2:03 35.400 1.105 8.621 3.703 2.153 0.89 1.644 10.741 2.336 1.531 0.843 0.74 2.3 0.829
01-01-2001 2:06 37.230 1.152 8.985 4.178 2.237 0.934 1.725 10.574 2.405 1.604 0.883 0.773 2.391 0.868
01-01-2001 2:09 39.060 1.199 9.356 4.615 2.323 0.979 1.811 10.167 2.463 1.68 0.925 0.808 2.483 0.908
01-01-2001 2:12 40.890 1.248 9.737 5.085 2.41 1.022 1.901 10.417 2.519 1.759 0.969 0.843 2.577 0.951
01-01-2001 2:15 42.720 1.297 10.128 5.449 2.498 1.06 1.996 10.818 2.582 1.842 1.012 0.879 2.673 0.995
01-01-2001 2:18 44.550 1.348 10.529 5.726 2.587 1.099 2.066 10.766 2.648 1.93 1.049 0.917 2.77 1.032
01-01-2001 2:21 46.380 1.4 10.941 6.019 2.677 1.138 2.135 10.604 2.816 2.019 1.086 0.956 2.869 1.068
01-01-2001 2:24 48.210 1.454 11.365 6.331 2.769 1.179 2.205 10.764 3.064 2.084 1.124 0.997 2.97 1.105
01-01-2001 2:27 50.040 1.509 11.802 6.586 2.863 1.22 2.276 11.441 3.151 2.15 1.163 1.03 3.073 1.142
01-01-2001 2:30 51.870 1.558 12.188 6.759 2.944 1.256 2.337 12.197 3.192 2.208 1.197 1.059 3.163 1.175
01-01-2001 2:33 53.700 1.599 12.52 6.925 3.013 1.286 2.389 12.062 3.237 2.256 1.225 1.083 3.24 1.202
01-01-2001 2:36 55.530 1.642 12.86 7.075 3.082 1.317 2.441 12.098 3.306 2.305 1.254 1.107 3.317 1.23
01-01-2001 2:39 57.360 1.686 13.18 7.228 3.152 1.349 2.494 12.761 3.394 2.355 1.284 1.131 3.396 1.258
01-01-2001 2:42 59.190 1.731 13.478 7.383 3.222 1.381 2.548 13.163 3.484 2.404 1.314 1.155 3.477 1.286
01-01-2001 2:45 61.020 1.777 13.78 7.57 3.293 1.413 2.602 13.465 3.57 2.454 1.344 1.179 3.558 1.314
01-01-2001 2:48 62.850 1.824 14.086 7.805 3.364 1.446 2.656 13.985 3.661 2.505 1.374 1.203 3.641 1.342
01-01-2001 2:51 64.680 1.873 14.396 8.047 3.436 1.479 2.711 14.632 3.687 2.556 1.405 1.227 3.725 1.371
01-01-2001 2:54 66.510 1.923 14.711 8.294 3.508 1.513 2.767 15.082 3.698 2.608 1.437 1.251 3.811 1.399
01-01-2001 2:57 68.340 1.974 15.03 8.574 3.58 1.548 2.823 14.562 3.763 2.66 1.469 1.275 3.898 1.428
01-01-2001 3:00 70.170 2.018 15.334 8.886 3.648 1.58 2.876 13.934 3.832 2.709 1.499 1.297 3.981 1.454
01-01-2001 3:03 70.708 2.051 15.623 9.204 3.71 1.612 2.927 14.264 3.886 2.755 1.528 1.317 4.061 1.479
01-01-2001 3:06 71.245 2.083 15.915 9.533 3.773 1.643 2.978 14.778 3.946 2.802 1.557 1.337 4.141 1.503
01-01-2001 3:09 71.783 2.116 16.211 9.873 3.835 1.675 3.029 14.945 4.015 2.85 1.586 1.356 4.223 1.527
01-01-2001 3:12 72.320 2.149 16.512 10.225 3.896 1.707 3.081 15.192 4.073 2.897 1.616 1.375 4.307 1.55
01-01-2001 3:15 72.858 2.182 16.816 10.508 3.957 1.74 3.134 15.553 4.127 2.945 1.646 1.394 4.391 1.574
01-01-2001 3:18 73.395 2.215 17.125 10.771 4.017 1.773 3.187 15.771 4.182 2.994 1.676 1.412 4.477 1.596
01-01-2001 3:21 73.932 2.249 17.438 11.037 4.076 1.806 3.24 15.973 4.217 3.043 1.706 1.429 4.565 1.618
01-01-2001 3:24 74.470 2.282 17.756 11.307 4.134 1.84 3.294 16.242 4.246 3.092 1.736 1.446 4.654 1.64
01-01-2001 3:27 75.007 2.316 18.078 11.567 4.19 1.874 3.349 16.837 4.29 3.142 1.767 1.462 4.744 1.661
01-01-2001 3:30 75.545 2.343 18.344 11.807 4.231 1.901 3.394 17.594 4.309 3.182 1.792 1.473 4.818 1.675
01-01-2001 3:33 76.082 2.364 18.552 12.042 4.255 1.921 3.43 17.857 4.304 3.214 1.81 1.478 4.875 1.683
01-01-2001 3:36 76.620 2.386 18.761 12.281 4.277 1.941 3.465 17.947 4.323 3.246 1.827 1.483 4.932 1.69
01-01-2001 3:39 77.157 2.407 18.971 12.523 4.298 1.96 3.501 18.155 4.358 3.278 1.845 1.487 4.989 1.696
01-01-2001 3:42 77.695 2.428 19.182 12.768 4.316 1.979 3.537 18.386 4.386 3.309 1.862 1.49 5.036 1.701
01-01-2001 3:45 78.232 2.449 19.395 13.009 4.332 1.997 3.574 18.602 4.414 3.341 1.878 1.492 5.079 1.705
01-01-2001 3:48 78.770 2.47 19.608 13.245 4.346 2.011 3.61 18.781 4.441 3.373 1.894 1.494 5.122 1.708
01-01-2001 3:51 79.307 2.49 19.823 13.485 4.359 2.023 3.647 18.958 4.419 3.405 1.91 1.495 5.164 1.711
01-01-2001 3:54 79.845 2.511 20.034 13.728 4.369 2.036 3.685 19.125 4.378 3.437 1.925 1.495 5.206 1.713
01-01-2001 3:57 80.382 2.532 20.201 13.969 4.377 2.048 3.722 19.146 4.376 3.469 1.939 1.494 5.248 1.714
01-01-2001 4:00 80.920 2.554 20.384 14.212 4.389 2.062 3.764 19.101 4.402 3.504 1.955 1.495 5.294 1.716
01-01-2001 4:03 80.726 2.579 20.585 14.461 4.403 2.077 3.809 19.205 4.424 3.542 1.973 1.497 5.344 1.72
01-01-2001 4:06 80.532 2.604 20.785 14.714 4.416 2.091 3.855 19.243 4.434 3.581 1.99 1.498 5.393 1.722
01-01-2001 4:09 80.338 2.628 20.985 14.971 4.427 2.105 3.901 19.229 4.443 3.619 2.005 1.498 5.442 1.724
01-01-2001 4:12 80.144 2.652 21.184 15.232 4.436 2.119 3.948 19.327 4.448 3.657 2.016 1.498 5.491 1.726
01-01-2001 4:15 79.950 2.677 21.382 15.472 4.443 2.132 3.995 19.424 4.449 3.696 2.027 1.498 5.538 1.727
01-01-2001 4:18 79.756 2.701 21.58 15.689 4.449 2.145 4.043 19.471 4.447 3.734 2.038 1.496 5.586 1.727
01-01-2001 4:21 79.562 2.724 21.777 15.909 4.453 2.157 4.091 19.465 4.459 3.772 2.048 1.495 5.632 1.726
01-01-2001 4:24 79.368 2.748 21.973 16.134 4.455 2.169 4.139 19.496 4.48 3.81 2.059 1.493 5.678 1.725
01-01-2001 4:27 79.174 2.771 22.167 16.324 4.456 2.181 4.188 19.488 4.485 3.847 2.069 1.49 5.722 1.723
01-01-2001 4:30 78.980 2.789 22.322 16.492 4.444 2.188 4.229 19.458 4.463 3.877 2.075 1.484 5.755 1.717
01-01-2001 4:33 78.786 2.802 22.435 16.654 4.42 2.19 4.261 19.393 4.427 3.898 2.076 1.473 5.776 1.706
HECRAS Station 6 4.05 2 7 4 1.15384 4 2 4 2.5 2.2 2.1 2 1.85714
SKM Reference Browns_1 (10000)Browns_1 (11958)Browns_1 (12542)Browns_2 (9242)Browns_2 (10000)Browns_2 (11273)Browns_3 (10000)Industrial Outlet (10000)Subdivision (10100)Subdivision (10930)Subdivision (11295)Subdivision (11581)Subdivision (11650)Subdivision (11695)
Time T_KIN_Q LB3 LB1 TB6 LB5 LB4 LB2 TI2 TDSD2 LF1 LF2 LF3 LF5 LF4
Unit 0 100001 1800 100001 0 1800 0 1800 100001 0 100001 1800 100001 0
01-01-2001 4:36 78.592 2.814 22.546 16.817 4.396 2.193 4.292 19.36 4.417 3.918 2.077 1.463 5.796 1.694
01-01-2001 4:39 78.398 2.826 22.655 16.965 4.37 2.194 4.324 19.384 4.406 3.938 2.077 1.452 5.815 1.683
01-01-2001 4:42 78.204 2.838 22.763 17.115 4.344 2.195 4.357 19.392 4.394 3.958 2.076 1.441 5.833 1.671
01-01-2001 4:45 78.010 2.849 22.868 17.272 4.317 2.196 4.389 19.377 4.386 3.977 2.075 1.43 5.85 1.659
01-01-2001 4:48 77.816 2.86 22.971 17.437 4.29 2.196 4.421 19.373 4.375 3.995 2.073 1.419 5.865 1.647
01-01-2001 4:51 77.622 2.87 23.071 17.603 4.263 2.195 4.454 19.386 4.332 4.013 2.071 1.407 5.879 1.635
01-01-2001 4:54 77.428 2.88 23.169 17.77 4.235 2.194 4.486 19.38 4.27 4.03 2.068 1.396 5.893 1.622
01-01-2001 4:57 77.234 2.889 23.265 17.943 4.206 2.193 4.519 19.238 4.242 4.047 2.065 1.384 5.905 1.61
01-01-2001 5:00 77.040 2.897 23.346 18.119 4.174 2.189 4.549 19.038 4.219 4.06 2.059 1.372 5.912 1.596
01-01-2001 5:03 76.659 2.902 23.412 18.294 4.139 2.184 4.576 18.969 4.188 4.07 2.053 1.358 5.915 1.581
01-01-2001 5:06 76.278 2.907 23.475 18.469 4.104 2.179 4.603 18.884 4.166 4.08 2.046 1.344 5.917 1.567
01-01-2001 5:09 75.897 2.912 23.535 18.646 4.069 2.173 4.63 18.732 4.144 4.089 2.038 1.331 5.917 1.552
01-01-2001 5:12 75.516 2.916 23.592 18.823 4.034 2.166 4.656 18.626 4.123 4.097 2.03 1.317 5.917 1.537
01-01-2001 5:15 75.135 2.919 23.646 18.984 3.999 2.159 4.683 18.545 4.102 4.104 2.021 1.303 5.915 1.522
01-01-2001 5:18 74.754 2.922 23.696 19.127 3.964 2.151 4.71 18.426 4.082 4.11 2.012 1.29 5.911 1.508
01-01-2001 5:21 74.373 2.925 23.744 19.271 3.929 2.142 4.736 18.27 4.05 4.116 2.003 1.276 5.907 1.493
01-01-2001 5:24 73.992 2.927 23.787 19.416 3.895 2.133 4.762 18.134 4.015 4.121 1.991 1.263 5.902 1.479
01-01-2001 5:27 73.611 2.928 23.828 19.549 3.86 2.123 4.789 18.059 3.989 4.126 1.978 1.249 5.895 1.465
01-01-2001 5:30 73.230 2.927 23.85 19.67 3.823 2.111 4.811 17.999 3.959 4.126 1.963 1.235 5.884 1.449
01-01-2001 5:33 72.849 2.924 23.855 19.788 3.782 2.098 4.83 17.855 3.925 4.124 1.947 1.219 5.867 1.432
01-01-2001 5:36 72.468 2.921 23.856 19.906 3.741 2.084 4.848 17.65 3.897 4.12 1.931 1.204 5.849 1.416
01-01-2001 5:39 72.087 2.917 23.854 20.024 3.701 2.07 4.866 17.481 3.87 4.116 1.915 1.188 5.83 1.399
01-01-2001 5:42 71.706 2.912 23.848 20.142 3.661 2.056 4.884 17.347 3.844 4.111 1.899 1.173 5.81 1.383
01-01-2001 5:45 71.325 2.907 23.838 20.255 3.622 2.042 4.901 17.216 3.818 4.105 1.884 1.158 5.789 1.367
01-01-2001 5:48 70.944 2.902 23.825 20.363 3.583 2.027 4.918 17.071 3.792 4.099 1.869 1.143 5.767 1.351
01-01-2001 5:51 70.563 2.896 23.809 20.471 3.544 2.012 4.934 16.922 3.753 4.092 1.854 1.128 5.744 1.335
01-01-2001 5:54 70.182 2.89 23.788 20.578 3.506 1.997 4.951 16.777 3.708 4.084 1.839 1.113 5.72 1.319
01-01-2001 5:57 69.801 2.883 23.764 20.682 3.468 1.976 4.967 16.552 3.68 4.076 1.824 1.098 5.695 1.304
01-01-2001 6:00 69.420 2.87 23.69 20.774 3.42 1.95 4.97 16.273 3.625 4.058 1.804 1.08 5.657 1.284
01-01-2001 6:03 68.776 2.851 23.566 20.857 3.362 1.919 4.96 16.068 3.568 4.03 1.779 1.058 5.605 1.261
01-01-2001 6:06 68.132 2.831 23.438 20.94 3.305 1.89 4.95 15.854 3.514 4.002 1.755 1.037 5.553 1.238
01-01-2001 6:09 67.488 2.811 23.308 21.023 3.25 1.861 4.939 15.647 3.467 3.974 1.731 1.016 5.501 1.215
01-01-2001 6:12 66.844 2.791 23.174 21.106 3.195 1.834 4.928 15.461 3.427 3.945 1.707 0.995 5.447 1.193
01-01-2001 6:15 66.200 2.77 23.038 21.183 3.141 1.807 4.917 15.283 3.387 3.916 1.684 0.971 5.391 1.171
01-01-2001 6:18 65.556 2.749 22.898 21.252 3.087 1.781 4.905 15.105 3.341 3.887 1.661 0.948 5.335 1.149
01-01-2001 6:21 64.912 2.728 22.754 21.321 3.034 1.756 4.893 14.91 3.254 3.858 1.639 0.926 5.277 1.127
01-01-2001 6:24 64.268 2.707 22.608 21.39 2.982 1.732 4.88 14.731 3.173 3.828 1.617 0.905 5.219 1.106
01-01-2001 6:27 63.624 2.685 22.459 21.454 2.931 1.708 4.867 14.534 3.103 3.799 1.595 0.886 5.161 1.084
01-01-2001 6:30 62.980 2.663 22.306 21.513 2.88 1.684 4.854 14.319 3.044 3.769 1.574 0.867 5.103 1.062
01-01-2001 6:33 62.336 2.641 22.151 21.573 2.83 1.661 4.841 14.113 2.994 3.74 1.553 0.85 5.045 1.041
01-01-2001 6:36 61.692 2.618 21.993 21.632 2.781 1.639 4.827 13.835 2.944 3.71 1.532 0.832 4.984 1.02
01-01-2001 6:39 61.048 2.596 21.831 21.69 2.731 1.617 4.812 13.524 2.896 3.68 1.512 0.816 4.909 1
01-01-2001 6:42 60.404 2.573 21.664 21.749 2.682 1.595 4.798 13.309 2.849 3.65 1.491 0.8 4.838 0.975
01-01-2001 6:45 59.760 2.55 21.491 21.784 2.634 1.574 4.783 13.106 2.803 3.62 1.471 0.784 4.769 0.952
01-01-2001 6:48 59.116 2.526 21.314 21.796 2.585 1.553 4.768 12.858 2.758 3.59 1.452 0.769 4.703 0.93
01-01-2001 6:51 58.472 2.502 21.133 21.807 2.537 1.532 4.752 12.603 2.711 3.56 1.432 0.754 4.64 0.909
01-01-2001 6:54 57.828 2.478 20.95 21.818 2.49 1.512 4.736 12.396 2.663 3.53 1.413 0.739 4.579 0.89
01-01-2001 6:57 57.184 2.454 20.765 21.813 2.442 1.492 4.72 12.162 2.618 3.5 1.394 0.725 4.52 0.871
01-01-2001 7:00 56.540 2.429 20.579 21.794 2.396 1.472 4.704 11.923 2.575 3.47 1.375 0.71 4.462 0.853
01-01-2001 7:03 55.950 2.404 20.391 21.774 2.348 1.453 4.687 11.649 2.533 3.44 1.356 0.696 4.406 0.836
01-01-2001 7:06 55.360 2.379 20.202 21.753 2.3 1.433 4.67 11.407 2.493 3.41 1.337 0.683 4.352 0.82
01-01-2001 7:09 54.770 2.354 20.014 21.732 2.252 1.414 4.653 11.206 2.455 3.38 1.319 0.669 4.299 0.803
01-01-2001 7:12 54.180 2.329 19.774 21.709 2.204 1.395 4.636 11.007 2.417 3.35 1.301 0.655 4.247 0.788
01-01-2001 7:15 53.590 2.303 19.538 21.687 2.156 1.377 4.618 10.823 2.381 3.319 1.282 0.642 4.196 0.773
01-01-2001 7:18 53.000 2.277 19.309 21.663 2.11 1.358 4.601 10.645 2.345 3.289 1.264 0.629 4.147 0.758
01-01-2001 7:21 52.410 2.25 19.085 21.639 2.064 1.34 4.582 10.47 2.31 3.259 1.246 0.615 4.098 0.743
01-01-2001 7:24 51.820 2.222 18.868 21.614 2.02 1.322 4.564 10.299 2.276 3.229 1.228 0.602 4.05 0.729
01-01-2001 7:27 51.230 2.194 18.655 21.589 1.968 1.303 4.546 10.044 2.242 3.199 1.211 0.589 4.003 0.715
01-01-2001 7:30 50.640 2.166 18.447 21.563 1.911 1.286 4.527 9.734 2.209 3.169 1.193 0.575 3.957 0.701
01-01-2001 7:33 50.050 2.138 18.243 21.536 1.859 1.268 4.508 9.51 2.176 3.139 1.176 0.562 3.911 0.688
01-01-2001 7:36 49.460 2.11 18.043 21.508 1.811 1.25 4.489 9.329 2.144 3.11 1.158 0.549 3.867 0.674
01-01-2001 7:39 48.870 2.082 17.846 21.48 1.767 1.232 4.47 9.144 2.112 3.08 1.14 0.535 3.823 0.661
01-01-2001 7:42 48.280 2.055 17.653 21.451 1.726 1.215 4.451 8.96 2.08 3.05 1.123 0.523 3.779 0.648
01-01-2001 7:45 47.690 2.027 17.463 21.421 1.687 1.197 4.432 8.788 2.049 3.02 1.105 0.51 3.736 0.635
01-01-2001 7:48 47.100 2 17.277 21.39 1.651 1.18 4.412 8.622 2.018 2.99 1.088 0.498 3.694 0.622
01-01-2001 7:51 46.510 1.962 17.092 21.359 1.616 1.163 4.392 8.459 1.987 2.96 1.07 0.48 3.652 0.609
01-01-2001 7:54 45.920 1.927 16.911 21.327 1.583 1.146 4.373 8.3 1.956 2.93 1.053 0.464 3.61 0.597
01-01-2001 7:57 45.330 1.893 16.731 21.294 1.551 1.128 4.353 8.144 1.925 2.901 1.036 0.45 3.57 0.583
01-01-2001 8:00 44.740 1.861 16.553 21.261 1.521 1.111 4.333 7.99 1.894 2.871 1.019 0.438 3.529 0.57
01-01-2001 8:03 44.400 1.831 16.378 21.227 1.491 1.094 4.313 7.824 1.864 2.841 1.003 0.427 3.489 0.557
01-01-2001 8:06 44.061 1.802 16.204 21.192 1.463 1.077 4.292 7.662 1.834 2.811 0.984 0.417 3.449 0.545
01-01-2001 8:09 43.721 1.775 16.031 21.156 1.435 1.06 4.272 7.507 1.805 2.782 0.964 0.407 3.41 0.532
01-01-2001 8:12 43.382 1.748 15.861 21.119 1.409 1.043 4.252 7.357 1.773 2.752 0.946 0.399 3.371 0.52
01-01-2001 8:15 43.042 1.723 15.692 21.082 1.383 1.027 4.231 7.211 1.738 2.722 0.928 0.391 3.333 0.509
01-01-2001 8:18 42.703 1.698 15.524 21.044 1.357 1.01 4.211 7.071 1.707 2.693 0.912 0.383 3.294 0.496
01-01-2001 8:21 42.363 1.674 15.358 21.005 1.333 0.993 4.19 6.934 1.678 2.663 0.895 0.376 3.256 0.479
01-01-2001 8:24 42.024 1.651 15.194 20.966 1.308 0.974 4.169 6.792 1.65 2.633 0.88 0.369 3.219 0.464
01-01-2001 8:27 41.684 1.629 15.031 20.926 1.285 0.955 4.148 6.649 1.624 2.603 0.865 0.362 3.181 0.451
01-01-2001 8:30 41.345 1.607 14.868 20.885 1.261 0.938 4.128 6.511 1.599 2.573 0.85 0.356 3.144 0.439
01-01-2001 8:33 41.005 1.586 14.705 20.843 1.239 0.921 4.107 6.378 1.574 2.543 0.836 0.35 3.107 0.428
01-01-2001 8:36 40.666 1.566 14.543 20.8 1.216 0.905 4.086 6.251 1.551 2.513 0.822 0.344 3.071 0.418
01-01-2001 8:39 40.326 1.545 14.38 20.757 1.194 0.889 4.065 6.127 1.528 2.484 0.809 0.338 3.035 0.409
01-01-2001 8:42 39.987 1.526 14.219 20.713 1.172 0.874 4.044 6.006 1.505 2.454 0.796 0.333 2.998 0.401
01-01-2001 8:45 39.647 1.506 14.059 20.668 1.15 0.859 4.023 5.887 1.483 2.424 0.783 0.327 2.963 0.393
01-01-2001 8:48 39.308 1.488 13.9 20.622 1.129 0.845 4.002 5.771 1.461 2.395 0.771 0.322 2.927 0.385
01-01-2001 8:51 38.968 1.469 13.742 20.576 1.107 0.831 3.98 5.657 1.44 2.365 0.759 0.317 2.892 0.378
01-01-2001 8:54 38.629 1.451 13.586 20.529 1.086 0.818 3.959 5.546 1.419 2.334 0.747 0.312 2.856 0.371
01-01-2001 8:57 38.289 1.433 13.431 20.481 1.066 0.805 3.938 5.437 1.398 2.304 0.735 0.308 2.821 0.365
01-01-2001 9:00 37.950 1.415 13.278 20.432 1.046 0.792 3.917 5.331 1.378 2.273 0.723 0.303 2.786 0.359
01-01-2001 9:03 37.664 1.398 13.127 20.383 1.026 0.78 3.896 5.227 1.358 2.242 0.712 0.299 2.751 0.353
01-01-2001 9:06 37.378 1.381 12.975 20.333 1.007 0.768 3.874 5.126 1.338 2.211 0.701 0.294 2.717 0.347
01-01-2001 9:09 37.092 1.364 12.801 20.282 0.985 0.756 3.853 5.019 1.319 2.18 0.689 0.29 2.682 0.342
HECRAS Station 6 4.05 2 7 4 1.15384 4 2 4 2.5 2.2 2.1 2 1.85714
SKM Reference Browns_1 (10000)Browns_1 (11958)Browns_1 (12542)Browns_2 (9242)Browns_2 (10000)Browns_2 (11273)Browns_3 (10000)Industrial Outlet (10000)Subdivision (10100)Subdivision (10930)Subdivision (11295)Subdivision (11581)Subdivision (11650)Subdivision (11695)
Time T_KIN_Q LB3 LB1 TB6 LB5 LB4 LB2 TI2 TDSD2 LF1 LF2 LF3 LF5 LF4
Unit 0 100001 1800 100001 0 1800 0 1800 100001 0 100001 1800 100001 0
01-01-2001 9:12 36.806 1.347 12.633 20.23 0.962 0.744 3.832 4.908 1.299 2.15 0.678 0.285 2.648 0.336
01-01-2001 9:15 36.520 1.331 12.469 20.178 0.941 0.732 3.811 4.802 1.277 2.12 0.667 0.281 2.613 0.331
01-01-2001 9:18 36.234 1.314 12.31 20.125 0.921 0.721 3.789 4.7 1.256 2.09 0.657 0.277 2.579 0.326
01-01-2001 9:21 35.948 1.298 12.154 20.071 0.902 0.71 3.768 4.602 1.236 2.061 0.646 0.273 2.545 0.321
01-01-2001 9:24 35.662 1.282 12.003 20.016 0.883 0.699 3.747 4.508 1.216 2.032 0.636 0.269 2.511 0.316
01-01-2001 9:27 35.376 1.267 11.855 19.961 0.866 0.688 3.726 4.417 1.197 2.004 0.626 0.265 2.478 0.312
01-01-2001 9:30 35.090 1.251 11.71 19.904 0.849 0.677 3.704 4.328 1.179 1.966 0.615 0.261 2.445 0.307
01-01-2001 9:33 34.804 1.236 11.568 19.848 0.832 0.667 3.683 4.242 1.161 1.928 0.605 0.257 2.411 0.303
01-01-2001 9:36 34.518 1.22 11.429 19.79 0.817 0.656 3.662 4.159 1.144 1.893 0.594 0.254 2.377 0.298
01-01-2001 9:39 34.232 1.205 11.293 19.731 0.801 0.646 3.64 4.077 1.127 1.86 0.584 0.25 2.343 0.294
01-01-2001 9:42 33.946 1.19 11.159 19.672 0.786 0.636 3.619 3.997 1.11 1.828 0.574 0.246 2.309 0.29
01-01-2001 9:45 33.660 1.175 11.028 19.612 0.772 0.626 3.598 3.914 1.094 1.798 0.563 0.243 2.275 0.286
01-01-2001 9:48 33.374 1.16 10.898 19.552 0.758 0.616 3.577 3.835 1.078 1.769 0.553 0.239 2.241 0.282
01-01-2001 9:51 33.088 1.145 10.77 19.491 0.744 0.605 3.555 3.756 1.063 1.742 0.543 0.235 2.207 0.278
01-01-2001 9:54 32.802 1.13 10.644 19.429 0.731 0.595 3.534 3.677 1.047 1.715 0.534 0.232 2.174 0.274
01-01-2001 9:57 32.516 1.115 10.52 19.366 0.718 0.585 3.513 3.605 1.032 1.69 0.524 0.228 2.141 0.27
01-01-2001 10:00 32.230 1.101 10.397 19.302 0.705 0.575 3.492 3.534 1.018 1.665 0.515 0.225 2.109 0.267
01-01-2001 10:03 31.918 1.086 10.276 19.238 0.692 0.565 3.471 3.463 1.003 1.641 0.506 0.222 2.077 0.263
01-01-2001 10:06 31.607 1.072 10.157 19.173 0.679 0.555 3.449 3.398 0.989 1.618 0.496 0.218 2.045 0.259
01-01-2001 10:09 31.295 1.058 10.039 19.108 0.667 0.545 3.428 3.335 0.975 1.596 0.482 0.215 2.015 0.256
01-01-2001 10:12 30.984 1.044 9.923 19.041 0.655 0.536 3.407 3.274 0.961 1.574 0.47 0.212 1.978 0.252
01-01-2001 10:15 30.672 1.03 9.808 18.974 0.644 0.526 3.386 3.216 0.948 1.553 0.459 0.208 1.937 0.249
01-01-2001 10:18 30.361 1.016 9.695 18.906 0.632 0.517 3.365 3.16 0.934 1.532 0.449 0.205 1.898 0.245
01-01-2001 10:21 30.049 1.003 9.582 18.838 0.62 0.509 3.344 3.101 0.921 1.512 0.44 0.202 1.862 0.242
01-01-2001 10:24 29.738 0.987 9.47 18.768 0.609 0.5 3.323 3.043 0.908 1.493 0.431 0.199 1.828 0.238
01-01-2001 10:27 29.426 0.971 9.358 18.698 0.597 0.487 3.302 2.988 0.895 1.473 0.423 0.196 1.795 0.235
01-01-2001 10:30 29.115 0.955 9.246 18.628 0.586 0.474 3.281 2.933 0.882 1.455 0.416 0.192 1.764 0.232
01-01-2001 10:33 28.803 0.941 9.135 18.556 0.574 0.463 3.26 2.881 0.869 1.436 0.409 0.189 1.735 0.228
01-01-2001 10:36 28.492 0.926 9.025 18.484 0.563 0.453 3.239 2.829 0.856 1.418 0.402 0.186 1.706 0.225
01-01-2001 10:39 28.180 0.913 8.916 18.412 0.552 0.444 3.218 2.779 0.844 1.4 0.396 0.183 1.679 0.222
01-01-2001 10:42 27.869 0.899 8.808 18.339 0.541 0.435 3.197 2.73 0.832 1.383 0.39 0.18 1.653 0.219
01-01-2001 10:45 27.557 0.886 8.701 18.265 0.531 0.427 3.176 2.683 0.819 1.366 0.384 0.177 1.627 0.216
01-01-2001 10:48 27.246 0.874 8.596 18.191 0.521 0.42 3.155 2.636 0.807 1.349 0.378 0.174 1.603 0.213
01-01-2001 10:51 26.934 0.862 8.491 18.115 0.511 0.413 3.134 2.591 0.795 1.332 0.373 0.171 1.579 0.21
01-01-2001 10:54 26.623 0.85 8.388 18.039 0.502 0.406 3.113 2.547 0.783 1.316 0.368 0.168 1.556 0.206
01-01-2001 10:57 26.311 0.838 8.287 17.962 0.488 0.399 3.092 2.501 0.771 1.3 0.363 0.165 1.534 0.203
01-01-2001 11:00 26.000 0.827 8.187 17.884 0.474 0.393 3.071 2.454 0.759 1.284 0.358 0.162 1.512 0.2
01-01-2001 11:03 25.797 0.816 8.088 17.805 0.462 0.387 3.05 2.409 0.747 1.268 0.353 0.159 1.491 0.197
01-01-2001 11:06 25.594 0.805 7.988 17.726 0.451 0.382 3.03 2.364 0.735 1.253 0.348 0.156 1.47 0.194
01-01-2001 11:09 25.391 0.794 7.869 17.645 0.441 0.376 3.009 2.322 0.723 1.238 0.344 0.153 1.45 0.192
01-01-2001 11:12 25.188 0.784 7.755 17.564 0.431 0.371 2.988 2.28 0.711 1.223 0.34 0.15 1.431 0.189
01-01-2001 11:15 24.985 0.774 7.645 17.482 0.423 0.366 2.967 2.24 0.7 1.208 0.336 0.147 1.411 0.186
01-01-2001 11:18 24.782 0.763 7.538 17.4 0.414 0.361 2.947 2.2 0.688 1.193 0.331 0.145 1.392 0.183
01-01-2001 11:21 24.579 0.754 7.435 17.318 0.407 0.357 2.926 2.162 0.677 1.178 0.327 0.142 1.374 0.18
01-01-2001 11:24 24.376 0.744 7.335 17.235 0.4 0.352 2.905 2.125 0.666 1.164 0.324 0.139 1.356 0.177
01-01-2001 11:27 24.173 0.734 7.237 17.152 0.393 0.348 2.885 2.089 0.655 1.149 0.32 0.136 1.338 0.174
01-01-2001 11:30 23.970 0.725 7.142 17.069 0.386 0.343 2.864 2.049 0.644 1.135 0.316 0.133 1.32 0.172
01-01-2001 11:33 23.767 0.715 7.049 16.986 0.38 0.339 2.843 2.01 0.633 1.12 0.312 0.13 1.303 0.169
01-01-2001 11:36 23.564 0.706 6.959 16.902 0.374 0.335 2.823 1.973 0.622 1.106 0.309 0.127 1.286 0.166
01-01-2001 11:39 23.361 0.697 6.87 16.819 0.368 0.331 2.802 1.938 0.609 1.092 0.305 0.124 1.269 0.163
01-01-2001 11:42 23.158 0.688 6.784 16.729 0.363 0.327 2.782 1.904 0.595 1.079 0.302 0.121 1.253 0.16
01-01-2001 11:45 22.955 0.679 6.7 16.638 0.358 0.324 2.761 1.871 0.582 1.065 0.298 0.118 1.237 0.158
01-01-2001 11:48 22.752 0.671 6.617 16.548 0.353 0.32 2.74 1.839 0.57 1.052 0.295 0.115 1.221 0.155
01-01-2001 11:51 22.549 0.662 6.536 16.458 0.348 0.316 2.72 1.808 0.558 1.039 0.292 0.113 1.205 0.152
01-01-2001 11:54 22.346 0.654 6.456 16.36 0.343 0.313 2.699 1.777 0.548 1.026 0.289 0.11 1.189 0.149
01-01-2001 11:57 22.143 0.645 6.379 16.262 0.338 0.309 2.679 1.748 0.538 1.013 0.285 0.108 1.174 0.147
01-01-2001 12:00 21.940 0.637 6.302 16.166 0.334 0.306 2.658 1.719 0.524 1 0.282 0.105 1.158 0.144
01-01-2001 12:03 21.970 0.629 6.227 16.072 0.329 0.302 2.637 1.691 0.513 0.985 0.279 0.103 1.143 0.141
01-01-2001 12:06 22.000 0.62 6.154 15.978 0.325 0.299 2.617 1.664 0.503 0.97 0.276 0.1 1.128 0.139
01-01-2001 12:09 22.030 0.612 6.08 15.886 0.321 0.296 2.596 1.637 0.494 0.955 0.273 0.1 1.113 0.136
01-01-2001 12:12 22.060 0.604 6.007 15.796 0.317 0.293 2.576 1.611 0.486 0.941 0.27 0.1 1.098 0.134
01-01-2001 12:15 22.090 0.595 5.935 15.706 0.313 0.289 2.555 1.586 0.478 0.928 0.267 0.1 1.084 0.131
01-01-2001 12:18 22.120 0.587 5.863 15.617 0.309 0.286 2.535 1.56 0.471 0.915 0.264 0.1 1.07 0.128
01-01-2001 12:21 22.150 0.579 5.793 15.529 0.305 0.283 2.514 1.536 0.464 0.902 0.262 0.1 1.056 0.125
01-01-2001 12:24 22.180 0.571 5.723 15.442 0.301 0.28 2.494 1.511 0.458 0.89 0.259 0.1 1.042 0.122
01-01-2001 12:27 22.210 0.563 5.654 15.355 0.298 0.277 2.474 1.483 0.451 0.878 0.256 0.1 1.028 0.12
01-01-2001 12:30 22.240 0.555 5.586 15.27 0.294 0.274 2.454 1.455 0.446 0.867 0.253 0.1 1.015 0.117
01-01-2001 12:33 22.270 0.547 5.519 15.185 0.291 0.272 2.433 1.429 0.44 0.855 0.251 0.1 1.002 0.114
01-01-2001 12:36 22.300 0.54 5.453 15.101 0.287 0.269 2.413 1.405 0.435 0.844 0.248 0.1 0.986 0.112
01-01-2001 12:39 22.330 0.532 5.389 15.017 0.284 0.266 2.393 1.381 0.429 0.834 0.245 0.1 0.97 0.109
01-01-2001 12:42 22.360 0.525 5.325 14.934 0.281 0.263 2.372 1.358 0.424 0.823 0.243 0.1 0.955 0.107
01-01-2001 12:45 22.390 0.518 5.263 14.851 0.277 0.26 2.351 1.336 0.419 0.813 0.24 0.1 0.941 0.105
01-01-2001 12:48 22.420 0.511 5.201 14.769 0.274 0.258 2.33 1.315 0.415 0.803 0.237 0.1 0.927 0.103
01-01-2001 12:51 22.450 0.504 5.141 14.687 0.271 0.255 2.309 1.295 0.41 0.793 0.235 0.1 0.913 0.101
01-01-2001 12:54 22.480 0.495 5.082 14.605 0.268 0.252 2.288 1.275 0.405 0.783 0.232 0.1 0.9 0.1
01-01-2001 12:57 22.510 0.485 5.024 14.523 0.265 0.25 2.267 1.254 0.401 0.774 0.23 0.1 0.888 0.1
01-01-2001 13:00 22.540 0.475 4.956 14.441 0.262 0.247 2.246 1.231 0.397 0.765 0.227 0.1 0.875 0.1
01-01-2001 13:03 22.791 0.466 4.883 14.36 0.259 0.244 2.226 1.209 0.393 0.755 0.225 0.1 0.863 0.1
01-01-2001 13:06 23.043 0.458 4.813 14.279 0.256 0.242 2.205 1.189 0.389 0.746 0.222 0.1 0.852 0.1
01-01-2001 13:09 23.294 0.45 4.746 14.198 0.253 0.239 2.184 1.17 0.385 0.737 0.22 0.1 0.84 0.1
01-01-2001 13:12 23.546 0.443 4.682 14.117 0.25 0.237 2.164 1.151 0.381 0.729 0.218 0.1 0.829 0.1
01-01-2001 13:15 23.797 0.436 4.621 14.037 0.247 0.234 2.144 1.134 0.377 0.72 0.215 0.1 0.819 0.1
01-01-2001 13:18 24.049 0.429 4.561 13.957 0.244 0.232 2.123 1.117 0.373 0.711 0.213 0.1 0.808 0.1
01-01-2001 13:21 24.300 0.423 4.504 13.877 0.241 0.229 2.104 1.101 0.369 0.703 0.21 0.1 0.798 0.1
01-01-2001 13:24 24.552 0.417 4.448 13.798 0.239 0.227 2.084 1.086 0.366 0.695 0.208 0.1 0.788 0.1
01-01-2001 13:27 24.803 0.412 4.395 13.718 0.236 0.225 2.064 1.071 0.362 0.686 0.206 0.1 0.778 0.1
01-01-2001 13:30 25.055 0.406 4.342 13.64 0.233 0.222 2.045 1.057 0.359 0.678 0.203 0.1 0.768 0.1
01-01-2001 13:33 25.306 0.401 4.292 13.561 0.23 0.22 2.026 1.043 0.355 0.67 0.201 0.1 0.758 0.1
01-01-2001 13:36 25.558 0.396 4.243 13.483 0.228 0.218 2.007 1.029 0.352 0.662 0.199 0.1 0.749 0.1
01-01-2001 13:39 25.809 0.391 4.195 13.405 0.225 0.215 1.983 1.016 0.349 0.655 0.197 0.1 0.74 0.1
01-01-2001 13:42 26.061 0.387 4.148 13.328 0.223 0.213 1.957 1.004 0.345 0.647 0.194 0.1 0.73 0.1
01-01-2001 13:45 26.312 0.382 4.103 13.251 0.22 0.211 1.932 0.991 0.342 0.639 0.192 0.1 0.721 0.1
HECRAS Station 6 4.05 2 7 4 1.15384 4 2 4 2.5 2.2 2.1 2 1.85714
SKM Reference Browns_1 (10000)Browns_1 (11958)Browns_1 (12542)Browns_2 (9242)Browns_2 (10000)Browns_2 (11273)Browns_3 (10000)Industrial Outlet (10000)Subdivision (10100)Subdivision (10930)Subdivision (11295)Subdivision (11581)Subdivision (11650)Subdivision (11695)
Time T_KIN_Q LB3 LB1 TB6 LB5 LB4 LB2 TI2 TDSD2 LF1 LF2 LF3 LF5 LF4
Unit 0 100001 1800 100001 0 1800 0 1800 100001 0 100001 1800 100001 0
01-01-2001 13:48 26.564 0.378 4.059 13.174 0.218 0.208 1.908 0.979 0.339 0.632 0.19 0.1 0.713 0.1
01-01-2001 13:51 26.815 0.373 4.015 13.098 0.215 0.206 1.885 0.967 0.336 0.624 0.188 0.1 0.704 0.1
01-01-2001 13:54 27.067 0.369 3.973 13.022 0.212 0.204 1.863 0.955 0.333 0.617 0.186 0.1 0.695 0.1
01-01-2001 13:57 27.318 0.365 3.932 12.935 0.21 0.202 1.841 0.944 0.33 0.609 0.183 0.1 0.687 0.1
01-01-2001 14:00 27.570 0.361 3.891 12.851 0.208 0.2 1.82 0.933 0.327 0.601 0.181 0.1 0.679 0.1
01-01-2001 14:03 27.816 0.358 3.851 12.767 0.205 0.197 1.8 0.922 0.324 0.594 0.179 0.1 0.67 0.1
01-01-2001 14:06 28.062 0.354 3.812 12.684 0.203 0.195 1.78 0.911 0.321 0.586 0.177 0.1 0.662 0.1
01-01-2001 14:09 28.308 0.35 3.774 12.602 0.2 0.193 1.761 0.901 0.318 0.579 0.175 0.1 0.654 0.1
01-01-2001 14:12 28.554 0.347 3.737 12.521 0.198 0.191 1.743 0.89 0.315 0.572 0.173 0.1 0.647 0.1
01-01-2001 14:15 28.800 0.343 3.7 12.44 0.196 0.189 1.724 0.88 0.312 0.564 0.171 0.1 0.639 0.1
01-01-2001 14:18 29.046 0.34 3.663 12.361 0.193 0.187 1.707 0.87 0.31 0.557 0.169 0.1 0.631 0.1
01-01-2001 14:21 29.292 0.337 3.628 12.282 0.191 0.185 1.69 0.86 0.307 0.55 0.166 0.1 0.623 0.1
01-01-2001 14:24 29.538 0.334 3.593 12.203 0.189 0.182 1.673 0.851 0.304 0.544 0.164 0.1 0.615 0.1
01-01-2001 14:27 29.784 0.33 3.558 12.126 0.186 0.18 1.656 0.841 0.301 0.537 0.162 0.1 0.607 0.1
01-01-2001 14:30 30.030 0.327 3.524 12.049 0.184 0.178 1.64 0.832 0.299 0.53 0.16 0.1 0.599 0.1
01-01-2001 14:33 30.276 0.324 3.49 11.973 0.182 0.176 1.625 0.822 0.296 0.524 0.158 0.1 0.592 0.1
01-01-2001 14:36 30.522 0.321 3.457 11.897 0.179 0.174 1.609 0.813 0.293 0.517 0.156 0.1 0.584 0.1
01-01-2001 14:39 30.768 0.318 3.425 11.823 0.177 0.172 1.594 0.804 0.291 0.511 0.154 0.1 0.577 0.1
01-01-2001 14:42 31.014 0.315 3.392 11.748 0.175 0.17 1.579 0.795 0.288 0.505 0.152 0.1 0.569 0.1
01-01-2001 14:45 31.260 0.313 3.361 11.675 0.173 0.168 1.565 0.786 0.286 0.498 0.15 0.1 0.562 0.1
01-01-2001 14:48 31.506 0.31 3.329 11.602 0.171 0.166 1.551 0.778 0.283 0.489 0.148 0.1 0.555 0.1
01-01-2001 14:51 31.752 0.307 3.298 11.529 0.168 0.164 1.537 0.769 0.281 0.48 0.146 0.1 0.548 0.1
01-01-2001 14:54 31.998 0.304 3.268 11.458 0.166 0.162 1.523 0.76 0.278 0.472 0.144 0.1 0.541 0.1
01-01-2001 14:57 32.244 0.302 3.238 11.386 0.164 0.16 1.509 0.752 0.276 0.464 0.142 0.1 0.534 0.1
Opening 
height
Closing 
height Initial WL Max WL Final WL
Kanaka 
Drain
Cox's 
Overflow
Kanaka 
Drain
Cox's 
Overflow
1 1 6.00 3.00 4.75 5.34 5.08 4.30 89.87 125,570 210,930 Hydrographs not modified (magnitude or timing) Gate does not open
1 2 5.00 3.00 4.75 5.32 5.03 17.82 82.25 523,250 2,252,420 Hydrographs not modified (magnitude or timing) Gate opens during event
1 3 4.00 3.00 4.75 5.32 5.03 17.82 82.80 480,740 2,294,840 Hydrographs not modified (magnitude or timing) Gate remains open for the duration of the event
1 19 6.00 3.00 4.75 5.54 5.19 4.50 160.81 141,270 4,675,630 Browns_1 & 2 factored by 2 Gate does not open
1 20 5.00 3.00 4.75 5.52 5.15 20.03 148.34 631,540 4,222,850 Browns_1 & 2 factored by 2 Gate opens during event
1 21 4.00 3.00 4.75 5.52 5.15 20.03 148.43 616,520 4,237,650 Browns_1 & 2 factored by 2 Gate remains open for the duration of the event
1 22 6.00 3.00 4.75 5.56 5.20 4.35 169.21 142,800 5,006,070 Browns_1, 2 & Industrial factored by 2 Gate does not open
1 23 5.00 3.00 4.75 5.53 5.17 20.36 156.17 647,390 4,538,080 Browns_1, 2 & Industrial factored by 2 Gate opens during event
1 24 4.00 3.00 4.75 5.53 5.17 20.36 156.24 635,200 4,550,030 Browns_1, 2 & Industrial factored by 2 Gate remains open for the duration of the event
1 4 6.00 3.00 4.75 5.36 5.08 4.20 98.12 -39,300 2,766,470 Lilliesmere @ station 10 factored by 2 Gate does not open
1 5 5.00 3.00 4.75 5.39 5.01 17.27 110.43 173,500 2,617,370 Lilliesmere @ station 10 factored by 2 Gate opens during event
1 6 4.00 3.00 4.75 5.39 5.01 17.27 111.80 179,500 2,710,880 Lilliesmere @ station 10 factored by 2 Gate remains open for the duration of the event
1 7 6.00 3.00 4.75 5.33 5.08 4.05 88.70 215,530 2,512,400 Lilliesmere @ station 10 factored by 0.5 Gate does not open
1 8 5.00 3.00 4.75 5.30 5.05 18.40 76.15 638,410 2,111,600 Lilliesmere @ station 10 factored by 0.5 Gate opens during event
1 9 4.00 3.00 4.75 5.30 5.06 18.40 75.86 671,860 2,078,070 Lilliesmere @ station 10 factored by 0.5 Gate remains open for the duration of the event
1 10 6.00 3.00 4.75 5.33 5.10 4.16 88.73 132,260 2,571,200 Lilliesmere lagged 10hrs Gate does not open
1 11 5.00 3.00 4.75 5.33 5.10 17.57 87.79 134,700 2,564,830 Lilliesmere lagged 10hrs Gate opens during event
1 12 4.00 3.00 4.75 5.33 5.10 17.57 87.74 144,970 2,554,670 Lilliesmere lagged 10hrs Gate remains open for the duration of the event
1 13 6.00 3.00 4.75 5.53 5.26 4.22 128.29 106,980 3,403,820 Browns_1,2 & 3 lagged 4 hrs Gate does not open
1 14 5.00 3.00 4.75 5.53 5.23 20.23 112.96 554,650 2,992,100 Browns_1,2 & 3 lagged 4 hrs Gate opens during event
1 15 4.00 3.00 4.75 5.53 5.23 20.23 113.04 458,180 3,061,140 Browns_1,2 & 3 lagged 4 hrs Gate remains open for the duration of the event
1 16 6.00 3.00 4.75 5.54 5.19 4.30 160.43 151,230 4,656,170 Browns_1 & 2 factored by 2 and Lilliesmere Lagged Gate does not open
1 17 5.00 3.00 4.75 5.54 5.19 19.30 159.17 217,020 4,599,400 Browns_1 & 2 factored by 2 and Lilliesmere Lagged Gate opens during event
1 18 4.00 3.00 4.75 5.54 5.19 19.30 159.28 226,930 4,589,450 Browns_1 & 2 factored by 2 and Lilliesmere Lagged Gate remains open for the duration of the event
1 25 6.00 3.00 4.75 5.56 5.21 4.17 168.86 154,450 4,986,700 Browns_1, 2 & Industrial factored by 2 Lilliesmere lagged Gate does not open
1 26 5.00 3.00 4.75 5.55 5.20 19.58 167.57 230,990 4,920,780 Browns_1, 2 & Industrial factored by 2 Lilliesmere lagged Gate opens during event
1 27 4.00 3.00 4.75 5.55 5.20 19.58 167.54 240,850 4,910,890 Browns_1, 2 & Industrial factored by 2 Lilliesmere lagged Gate remains open for the duration of the event
2 34 6.00 3.00 4.82 5.34 5.08 4.50 90.35 125,810 2,645,570 Hydrographs not modified (magnitude or timing) Gate does not open
2 35 5.00 3.00 4.82 5.34 5.04 13.44 90.34 207,840 2,598,470 Hydrographs not modified (magnitude or timing) Gate opens during event
2 36 4.00 3.00 4.82 5.34 5.04 13.44 90.27 231,780 2,575,710 Hydrographs not modified (magnitude or timing) Gate remains open for the duration of the event
2 37 6.00 3.00 4.82 5.54 5.19 4.50 161.23 142,040 4,719,330 Browns_1 & 2 factored by 2 Gate does not open
2 38 5.00 3.00 4.82 5.54 5.16 14.55 161.18 231,610 4,658,430 Browns_1 & 2 factored by 2 Gate opens during event
2 39 4.00 3.00 4.82 5.54 5.16 14.55 161.25 254,770 4,662,520 Browns_1 & 2 factored by 2 Gate remains open for the duration of the event
2 40 6.00 3.00 4.82 5.56 5.20 4.25 169.29 144,880 5,047,820 Browns_1, 2 & Industrial factored by 2 Gate does not open
2 41 5.00 3.00 4.82 5.56 5.17 14.57 169.24 234,390 4,984,980 Browns_1, 2 & Industrial factored by 2 Gate opens during event
2 42 4.00 3.00 4.82 5.56 5.17 14.57 169.20 257,160 4,961,950 Browns_1, 2 & Industrial factored by 2 Gate remains open for the duration of the event
2 43 6.00 3.00 4.82 5.36 5.08 4.20 92.24 -13,850 2,783,090 Lilliesmere @ station 10 factored by 2 Gate does not open
2 44 5.00 3.00 4.82 5.36 5.05 11.70 98.00 13,250 2,779,520 Lilliesmere @ station 10 factored by 2 Gate opens during event
2 45 4.00 3.00 4.82 5.36 5.05 11.70 98.03 18,200 2,774,520 Lilliesmere @ station 10 factored by 2 Gate remains open for the duration of the event
2 46 6.00 3.00 4.82 5.33 5.08 4.14 88.88 215,490 2,554,390 Lilliesmere @ station 10 factored by 0.5 Gate does not open
2 47 5.00 3.00 4.82 5.33 5.04 14.69 88.87 331,680 2,470,820 Lilliesmere @ station 10 factored by 0.5 Gate opens during event
2 48 4.00 3.00 4.82 5.33 5.04 14.69 88.73 358,630 2,443,830 Lilliesmere @ station 10 factored by 0.5 Gate remains open for the duration of the event
2 31 6.00 3.00 4.82 5.33 5.11 4.08 89.13 135,000 2,610,450 Lilliesmere lagged 10hrs Gate does not open
2 32 5.00 3.00 4.82 5.31 5.11 16.05 82.38 318,180 2,425,410 Lilliesmere lagged 10hrs Gate opens during event
2 33 4.00 3.00 4.82 5.31 5.11 16.05 81.87 364,220 2,404,350 Lilliesmere lagged 10hrs Gate remains open for the duration of the event
2 52 6.00 3.00 4.82 5.53 5.26 4.30 124.34 110,110 3,526,120 Browns_1,2 & 3 lagged 4 hrs Gate does not open
2 53 5.00 3.00 4.82 5.53 5.23 14.75 124.33 207,150 3,461,510 Browns_1,2 & 3 lagged 4 hrs Gate opens during event
2 54 4.00 3.00 4.82 5.53 5.23 14.75 124.54 228,850 3,743,040 Browns_1,2 & 3 lagged 4 hrs Gate remains open for the duration of the event
2 28 6.00 3.00 4.82 5.54 5.20 4.08 160.90 155,510 4,727,190 Browns_1 & 2 factored by 2 and Lilliesmere Lagged Gate does not open
2 29 5.00 3.00 4.82 5.53 5.20 17.36 152.39 397,910 4,486,830 Browns_1 & 2 factored by 2 and Lilliesmere Lagged Gate opens during event
2 30 4.00 3.00 4.82 5.52 5.20 17.44 152.02 430,340 4,419,120 Browns_1 & 2 factored by 2 and Lilliesmere Lagged Gate remains open for the duration of the event
2 49 6.00 3.00 4.82 5.56 5.22 4.09 168.90 152,620 5,025,010 Browns_1, 2 & Industrial factored by 2 Lilliesmere lagged Gate does not open
2 50 5.00 3.00 4.82 5.54 5.21 17.50 160.01 400,760 4,778,880 Browns_1, 2 & Industrial factored by 2 Lilliesmere lagged Gate opens during event
2 51 4.00 3.00 4.82 5.54 5.21 17.50 159.79 436,420 4,743,200 Browns_1, 2 & Industrial factored by 2 Lilliesmere lagged Gate remains open for the duration of the event
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